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Anatomy. — The spread of primitive humanity and its links with the 
more differentiated races, as revealed by cephalic and cranial index 
curves. By C. U. ARIENS KAPPERS. 


(Communicated at the meeting of November 28, 1936). 


I. Austronesians compared with Southern Asiatics and Africans. 


Since hardly any group of people is unmixed, the expression of its 
cephalic or cranial indices by the average may lead to wrong conclusions, 
preventing the analysis of different elements. In preceding papers, therefore, 
I registered the individual indices of several Eurasian, American and 
African groups in frequency curves. Besides, this method may enable us 
to find a natural classification of index types. 

After dealing with the African Negroes the study of Melanesian index 
curves is very instructive on account of their similarity. 

Among the Melanoderms of Africa two main groups occur: dolichoce- 
phalic and meso-brachycephalic Negroes. With the former the 73—751) 
peaks are outstanding, with the latter the 77(8)—80 peaks?) prevail. 
Also combinations of both sets of peaks were found. 

The cephalic index curves on Table I and II of my present paper show 
that the same peaks occur in New Guinea and in the Melanesian islands in 
such a way that either the above-mentioned dolichocephalic or meso- 
subbrachycephalic peaks stand out, or both sets together 3). 

The combination of all four peaks is seen in Table I, fig. 1, giving the 
cephalic indices of male Papuans (varying in height between 150 and 
158 cm) from North East New Guinea, measured by SCHLAGINHAUFEN 
and SCHELLONG. P6cH’s males, also from German New Guinea, recorded 
by Bonpy-HorowiTz (fig. 2), show a high 75 and a 78 and 80 peak. 

With the rather tall Maipua, Orokolo and Taoripi Papuans measured 
in British New Guinea by CHALMERS and WILLIAMSON’s Mafulu Papuans 
(stature 151 cm) the 77(8) and 80 peak again stand out (continuous 
line fig. 3). In the curve of 486 Papuans of German New Guinea measured 
by BEHRMANN and CHINNERY (fig. 4) indices round 75 are outstanding. 
Besides there is a pronounced 78 peak with this group. 

With the dwarfish groups and with those that are on the limit of 
dwarfism the 77(8) and 80 peaks are most pronounced. The 77(8) peak 
is very high with BIJLMER’s Timorini (continuous line fig. 5). According 


1) These Proceedings, Vol. 39, 32 (1936), Table I, figs. 5 (Haussa), 6, 7, 11 and 
Table II, figs. 19 and 23. The 73—75 peaks are characteristic also of Hamitic races. 

2) Ibidem. Table II, figs. 26—32 and textfig. A, p. 42. 

8) In the curves added to this paper 70 stands for 70—70.9 etc. 
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to BIJLMER the average height of his Timorini was 150 cm, viz. just on the 
limit of dwarfism. The shape of this curve resembles those of the African 
Basua and Bacwa Pygmies (dotted line same figure). With the real 
New Guinea dwarfs, WoLLASTON’s and BIJLMER’s Tapiro (continuous line 
fig. 6) the resemblance of the cephalic index curve to that of the other 
African Pygmies, measured by SEBESTA, LEBZELTER and JULIEN (registered 
in the dotted line of the same figure) is striking, the 78 and 80 index 
outstanding with both. Another point in which the Tapiro resemble, the 
African Pygmies is that the number of real brachycephalics, though not 
failing, is small. They are for more numerous with the Pesechem and 
Baining Pygmies (fig. 8; see also p. 1161). 

BIJLMER’s Mountain-Papuans, the somewhat taller Pania again show 
a 77 and 80 peak (fig. 7). 

Fig. 1A and 2A show. that the combination of 75 and 77(8)—80 
elevations found in the curves of figs. 1, 2 and 4 corresponds with the 
relations found with Nesiots. Fig. 1A gives the cephalic indices registered 
by BRouwER on Alor and Pantar, fig. 2A those registered by BIJLMER in 
Timor, Flores, Adonare and Sumba. They confirm the wellknown relation- 
ship between the primitive Nesiots and the population of New Guinea. 

A difference with Eastern Indonesia is seen in the greater number of 
more dolichocephalic elements, approaching the Australian index type. In 
the following pages I shall call this the “Australoid’” element without 
implying a direct Australian relationship, which however, in some cases 
may occur. It is shown by SCHLAGINHAUFEN’s Jakumul (continuous line 
fig. 10) with whom the 73—75 peaks1) are not combined with 77(8) and 
80 peaks, but with a 71 peak (slightly indicated also in figs. 2—4). 

In the combed curve of fig. 10 I registered all the male Australian 
cephalic indices recorded in literature2). These indices fall in the same 
range as those of SCHLAGINHAUFEN’s Jakumul, showing the same spread 
and having the 73 peak in common. The 75 cephalic peak, so conspicuous 
with the Jakumul, however, fails with the Australians. This peak again 
suggests admixture with dolichocephalic Nesiots or with Nesiot Papuans 
with whom it is usually combined with a 77(8) and 80 elevation, equally 
failing with the male Australians. That the Australoid index type is also 
strongly represented on the south coast of Dutch New Guinea appears 
from fig. 11 made after KocH’s and BIJLMER’s data 3). 


1) The inhabitants of the isle of Biak in the Geelvink bay, measured by WIRZ and 
BOs (continuous line fig. 9) and WIRZ’s Nuforese and Arfaks (dotted line same fig.) 
have prevailing 74 peaks, occurring also with the Kroenese from Flores, (Table I, fig. 2A) 
and the Ulu Ajar from Borneo (Table III, fig. 1). 

2) For BURSTON’s data I am greatly indebted to Dr. ABBIE, Sydney, who kindly sent 
me copies of BURSTON’s figures. 

3) Also the bloodtype of BIJLMER’s Mimika Papuans resembles that of BURTON 
CLELAND’s North Australians, while that of HEYDON’s and MURPHEY’s Papuans and 
KALTHOFEN’s Kai-Kai closely approaches BIJLMER’s and BROUWER’s data concerning 
Ambon, Pantar and Alor (see table III of my following paper). 

joy 
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Among the female New Guineans (continuous line, fig. 12) ““Australoid” 
indices are indicated by the 74 peak in the Australian female curve 
of fig. 13. Besides in both curves also lower (71—72) indices are 
numerous. The Indonesian type amongst the New Guinea females is 
indicated by the 76 peak, coinciding with the chief peak of the female 
Alorese and Pantarese: (combed line fig. 12), but failing with the female 
Australians (fig. 13). The dashed line in fig. 12 shows that the Nesiot 
element is still more pronounced among the females of the Bismarck 
archipelago and the Solomon islands. — 

Reviewing our cephalic curves, we find a close resemblance between the 

Nesiot (figs 1A, 2A) and New Guinea curves (figs 1—12) on one hand, 
and those of the African Negroes on the other, by the frequent occurrence 
of 75 and 77(8)—80 peaks, furthermore by the fact that in Africa as well 
as in New Guinea a Pygmy variety occurs with 77(8)—80 peaks. 
_ The male 73 peak, the highest Australian peak, also found with some 
African Negroes (e.g. the Haussa) and with some groups on Madagascar 
(Table III fig. 12), does not fail in New Guinea but the Indonesian 
75 peak is more common. Similarly 74 and lower indices, so numerous 
with Australian females, are quite numerous also with New Guinea females 
but the 76 peak corresponding with the female dolichocephalic Nesiot 
peak, and failing with the female Australians, is well pronounced with our 
New Guinea females, who, like the female Nesiots, also have a for greater 
number of 80 indices than our Australian females. 

The study of New Guinea skull curves, though giving similar results 
as our cephalic index comparison, suggests that with former generations 
the “Australoid” or a similar paleo-Melanesian element probably was more 
frequent than with the living population of New Guinea. 

The skulls in Table I, figs. 16—18, 20 and 21 were labelled as male 
skulls by the authors, those of fig. 22 were unsexed, those of fig. 23 were 
labelled as female. In fig. 14 I registered the male and female Indonesian 
(Nesiot) skulls 1) from Ceram (continuous line) and from the Moluccas 
(dotted line); Fig. 15 shows male and female Nesiot skulls from the 
Tenimber group. For other characteristic Indonesian skull indices I refer 
to the Dayak and ancient Nias curves in Table III, fig. 14. 

Studying Table I, figs. 16—18, 202291 we are immediately struck by 
the fact that, while the living people of New Guinea so frequently show 
the Indonesian dolichocephalic 75 peak, usually combined with high 
mesocephalic 77(8)—80 peaks, whose cranial equivalents (73, 75(6) and 
78) are seen in Table I, figs 14 and 15 and Table III, fig. 13, the cranial 
curves of New Guinea, referring to a more ancient population, show more 
lower or “Australoid” indices. 

So the male New Guinea skull curves of figs. 16, 17 and 18 resemble 
our male Australian skull curve (Table I, fig. 25) by their 68(9)—71 


1) The 81, 83, 86 and 90 peaks in this figure are an other admixture. 
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peaks, while the Indonesian 73 skull index, so pronounced on Ceram 
fig. 14, Nias and Borneo (Table III fig. 14), is far less numerous in 
these curves. 

Besides, skulls with a 75(6) index, corresponding with the Indonesian 
cephalic 77(8) peak, and practically failing in the Australian skull curve, 
are relatively rare in the cranial New Guinea curves. Both facts suggest 
that the former population of New Guinea contained a greater ‘‘Australoid” 
component. There is another point that strikes us in our skull curves. 

Whereas the 75(6) cranial (—77(8) cephalic) elevation, though not 
very pronounced, does not fail in the New Guinea skull curves, the 80 
peak, so evident in some of our cephalic curves, is hardly indicated in our 
skull curves, where it might be expected to occur as a 78 (or 79) peak. 
This may suggest that here (as in Africa) of the 77(8)—80 cephalic index 
peaks the 80 element is the more recent and consequently less constant 
constituent of this set. This agrees with the fact that even in the cephalic 
curves the 80 peak is less constant than the 77(8) peak. 

To this I should add that the failing of Pygmy skull indices in our cranial curves 
favours the smaller number of 76—78 skull indices. Hitherto only one undoubtedly New 
Guinean Pygmy skull has been examined (V. D. BROEK), as far as I know. Fortunately 
BAUER (l.c. infra) provided us with data of a good number of male skulls of the equally 
dwarfish Baining (Table II, fig. 14) from New Pomerania (— New Britain), an island 


immediately North of New Guinea. The curve of these skulls clearly shows both the 76 
and 78 peaks corresponding with the cephalic 78—80 peak of our New Guinea Tapiro. 


Table I, fig. 23 shows all the female New Guinea skulls, fig. 24 those 
of the other Melanesian islands. Here again the index (72) corresponding 
with the highest peak in the Australian female skull curve (fig. 26) 
predominates. Although also a fairly high 76 elevation occurs in our female 
New Guinea and Melanesian skull curves, they contain for more dolicho~ 
cephalic Australoid elements than the respective cephalic curves of 
this island. 

Referring for a detailed study of the Australian skull to MorANT’s '), 
BuRKITT and HuNnTER’s 2) and KROGMAN’s 2) papers, I give in the con~ 
tinuous lines of figs. 25 and 26 the indices of all the male and female 
Australian skulls recorded in literature. They practically give the same 
curves as the male and female New Guinea skulls, without the smaller 
additional 76 elevation of the latter, thus confirming the non-Australoid 
character of this elevation in our cranial New Guinea curves. 

Before leaving New Guinea, I must refer to the dotted curve in Table I, fig. 3, giving 
the male cephalic indices of CHALMERS’ Kiwai and Lyons’ Gogodara from the mouth of 
the Fly river, not far from the Kiwai islands. I grouped these indices together as they 
are about the same. Also LYONS emphasized the resemblance of these groups, both of 
which have the “Armenoid” (Semitic) type, peculiar also of some other groups of 


1) MOoRANT, Biometrika, Vol. 19, 417 (1927). 
2) BURKITT and HUNTER, Journ. of Anatomy, Vol. 57 (1922). BURKITT, Nature 


(1928). 
3) KROGMAN, Journ. of Anatomy, Vol. 66, 399 (1932). 
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Papuans (e.g. SCHELLONG's Jabim, BIJLMER's Tapiro and BEHRMANN’s Papuans), due 
perhaps to inbreeding. 

This curve differs from the others by the many brachycephalic (82—85) indices, 
Curiously analogous indices are found with FRIzzI's Numa-Numa of Bougainville 
(Solomon islands, Table II combed line fig. 6). These groups are not of Pygmy stature. 
The Kiwai even have a high stature (1.65 m, CHALMERS). The 82—85 indices suggest 
Polynesian influence, which is the more probable as, according to HOGBIN, on the Solomon 
island Ontong Java Polynesian speech prevails (see, however, also SHAPIRO’s paper 
on the Ontong Java people, Anthr. Papers of the Am. Mus. of Nat. Hist., 33, 1933). 


Turning to the smaller Melanesian islands (Table Il) we see that the 
indices of the more Northern groups are essentially Nesiot, those of the 
South Eastern islands more ‘“Australoid”. So the male cephalic peaks of 
the Caroline islands Kapingamarangi and Truk (dotted line fig. 25 
recorded by SCHLAGINHAUFEN and HAMBRUCH, are the same as those found 
with the Nesiot type of New Guinea. In these islands a small cephalic 
73 peak is combined with a much greater number of 75, 78 and 80 indices, 
so numerous also with our primitive Indonesians (Table I, figs. 1A, 2A and 
Table III, figs. 1 and 2). In our small series of the Caroline islands the 
Nesiot 77(8) indices prevail (fig. 2). 

The meso-subbrachycephalic elevations are very striking with the 
people of the Bismarck archipelago (except the Butan) measured by 
SCHLAGINHAUFEN, POCH, FRIEDERICI, SCHELLONG and REINECKE (fig. 3). 
In the curve made after CHINNERY’s data (fig. 4) the Nesiot 78 and 80 

eaks also occur but the equally Nesiot 75 cephalic index prevails. 

On the contrary the dwarfish Baining and Tumuip of New Britain 
(New Pomerania), recorded by FRIEDERICI and CHINNERY (combed line 
fig. 3), are outstanding brachycephalic. Their high 81 and 83(4) peaks 
correspond with those of the equally dwarfish Pesechem of New Guinea 
(Table I, fig. 8), recorded by VAN DEN BROEK (see the following page). 

On the Solomon islands (figs. 5 and 6, Table II) the 75 as well as the 
77(8)—80 peaks are found. The curve of the Nasioi of Bougainville 
measured by FRIZZI (continuous curve fig. 5) even exactly resembles the 
superposed dotted curve of Indonesians from Pantar. 

Curious enough FRizzi’s male cephalic indices of the Alu Alu of the 
Solomon islands (combed line fig. 7) closely resemble those of the 
New Hebridians, recorded by SPEISER!) (some by REINECKE) and 
registered in the continuous line of the same figure. With both the dolicho- 
and mesocephalic elements are about equally numerous. 

In Santa Cruz (fig. 8) and in the Loyalty islands (fig. 11), located 
further East and South, on the latitude of Australia, lower indices, 
approaching the Australian (fig. 10), prevail. The characteristic Indonesian 
77(8)—80 index group even fails in our curves of these islands, contrary 
to that of SARAsIN’s New Caledonians (fig. 9) who have a considerable 


1) I am greatly indebted to Prof. SPEISER, Bale, for sending me the individual 
paoe temicnts taken by him. For further details concerning this people I refer to his 
paper: in the Verhandlungen of the Naturf. Gesellsch. Basel, Bnd. 39 (1928). 
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cephalic 78—80 admixture, although the majority of their indices also 
coincides with the Australian indices (fig. 10). 

Reviewing the cephalic curves of Table II, we see that Indonesian 75 
and 77(8)—80 indices prevail in the islands close to New Guinea and 
North of it, while Australoid indices are more numerous on the Melanesian 
islands located further South-East on the latitude of Australia. 

This conclusion is confirmed by the cranial index curves of these islands 
(Table Il, fig. 13—21), again, however, with the difference that the long- 
headed, especially the Australoid element, is more and the Nesiot, especially 
the meso-subbrachycephalic element less numerous in the cranial than in the 
cephalic curves of the Melanesian islands. 

In the cranial curve of male Caroline and Gilbert islanders (fig. 13), as 
in the male cephalic curves of these islands (fig. 2), both the dolicho- 
cephalic and the mesocephalic peaks occur, but the 71 peak in fig. 13 is 
higher than the corresponding 73 cephalic peak in fig. 2. Besides, whereas in 
the cephalic curve (fig. 2) the 80 element is well represented, in the skull 
curve (fig. 13) the corresponding 78 peak fails. Only a cranial 76 peak 
equivalent to the 78 cephalic peak occurs, suggesting again that the 80 
(cranial 78) index is a latter development. 

Comparing the cranial curves of the Bismarck archipelago, the Solomon 
islands, the New Hebrides and New Caledonia with the cephalic curves of 
these groups, we again see that, while the meso-subbrachycephalic indices 
are quite conspicuous in the cephalic curves, the corresponding 75(6) and 
78 indices are far less numerous in the skull curves. In the Bismarck 
archipelago (fig. 14), where the dolichocephalic element is partly Australoid, 
partly Indonesian, the meso-subbrachycephalic element only stands out 
with the skulls of the dwarfish Baining of New Pomerania (New Britain), 
most of which are measured by BAUER, some from the Gazelle Peninsula 
by PécuH (Bonpy—Horowi!7Tz) (combed line fig. 14). 


The fact that the skull curve of the Baining from New Pomerania has prevailing 76—78 
peaks corresponding with the cephalic 78 and 80 peaks of the Tapiro, while the cephalic 
indices of the Baining (fig. 3) are much higher, resembling those of the Pesechem, seems 
to indicate that, though these dwarfs may originally belong to the same category as the 
Tapiro Pygmies, there is a tendency in this group to acquire higher indices, indicated also 
by the additional 82 cranial peak of the Baining. This process may have been active also 
in the differentiation of the New Guinea Pesechem from the, according to BIJLMER, 
otherwise in all respects similar Tapiro. In a later paper I shall show that the same process 
of brachycephalisation is seen with the Andamanese and Philippine Negritoes. 


Among the d’Entrecasteaux skulls (fig. 15), except SERGI's skulls from 
Woodlark island, the “Australoid” (71) element is prevailing. 

While the cephalic curves of the Solomon islands with their high 75 and 
77 (8)—80 peaks (fig. 5 and 6) are evidently Indonesian, in the cranial curve 
of these islands (fig. 16) the Indonesian meso-subbrachycephalic element, 
represented by the 76 and 78 peaks, again is much smaller than the 
corresponding 77(8)—80 cephalic peaks of the living population. 
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Even with the New Caledonian skulls (Table II, fig. 18) this element 
falls far more short of the dolichocephalics than it does in the cephalic 
curve (Table II, fig. 9). Also the New Hebridian and Santa Cruz skulls 
(fig. 17) are far more dolichocephalic, than would correspond with the 
cephalic indices of these islands (fig. 7). 

As stated above, the greater component of meso-brachycephalics in the 
cephalic curves, compared with the cranial ones, is equally conspicuous in 
New Guinea, where — besides — the long-headed element of the cephalic 
curves was rather Indonesian (75), in contrast with the long-headed 
element in the cranial curves, in which the Australoid type (71) prevails. 
The outstanding 75 cephalic index, together with the greater amount of 
77—80 cephalic indices among the living of the Melanesian islands, shows 
that here also a gradual supersession of the “Australoid” type by the two 
Indonesian types has occurred. Especially the increase of the 77(8)—80 
element in the cephalic curves is striking. 

Although the prevailing Indonesian 75 cephalic (73 cranial) index is 
sometimes combined with a 73 cephalic (71 cranial) index peak, the 73 
cephalic (71 cranial) index peak, combined with still lower index peaks, is 
so characteristic of Australia (where the 75 peak fails) that we may use 
the expression “‘Australoid’” for this and lower index peaks, without 
implying that this people necessarily came from Australia. 

We might then call the dolichocephalic Indonesian 75 index type paleo- 
Indo-Melanesian and the later increasing meso-subbrachycephalics Neo- 
Indo-Melanesian. 


SELIGMAN already divided the population of New Guinea and the Melanesian islands 
into two groups: Papuans proper and Melanesians and considers them “as two distinct 
but closely related subgroups’. Physically the Papuan is usually taller and more con- 
sistently dolichocephalic, he is darker, has a higher head, strong browridges and a flat 
backward sloping forehand. 

In his excellent book VON EICKSTEDT also distinguishes a paleo- and neo-Melanesian 
group but with him this distinction is based on the nasal index. He considers the platyrhin 
Melanesians as the most primitive or paleo-Melanesian group and the lepthorhin as neo- 
Melanesians or simply Melanesians. Though most groups which he calls paleo-Melanesian 
(New Hebridians, Solomon and Santa Cruz islanders, New Caledonians and Loyalty 
islanders) in our curves show a prevailing number of dolichocephalics, some groups 
classified by this author as paleo-Melanesians are distinctly meso-subbrachycephalic, e.g. 
the Baining. On the other hand he calls the dolichocephalic Jakumul neo-Melanesians 
(p. 659). So our divisions do not run exactly parallel. 

As far as concerns the Australians, VON EICKSTEDT (p. 670) believes that they should 
not be classified in the stricter sense of the word with the paleo-Melanesians “with whom 
they only form a phylogenetic unity”, Although in hair shape and some other bodily 
features they differ from the paleo-Melanesians, I am also inclined to believe in a 
phylogenetic relationship between my 75 Indonesians and 73 Australians. 


The increasing extension of the 75 cephalic people and its frequent 
combination with meso-subbrachycephalic components suggests that the 75 
index people is a biologically progressive group and that the 77(8)—80 
element is a mutation of the 75 element, a supposition already made on 
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account of my survey of African index curves, and corroberated by my 
curves of Boas’ American born Sicilians, who keep the infantile 78—80 
index peaks (as GENNA’s Trapanesi do) while the Sicilian born sons of 
Boas’ immigrants soon revert to their prevailing paternal index peak (76). 

Whereas the Nesiot 75 cephalic (73 cranial) index people clearly show 
a progressive tendency to acquire higher index peaks, the 73 cephalic (71 
cranial) peak not only is rarely combined with a considerable number of 
higher indices but frequently shows a combination with 69, 68 or 67 peaks 
Suggesting that the tendency to higher index development fails with these 
“Australoid’” groups. 

Since the indices prevailing with our Australoids are more long-headed 
even than most paleolithic indices and these skulls also in some other 
respects may show sub-Neanderthaloid features (SARASIN), the question 
arises if this people is not an asthenic branch of our primitives with partly 
primitive, few progressive and some regressive features. 

Apart from Australia and New Caledonia such elements are numerous 
in the more isolated islands as the Santa Cruz (fig. 17), Fiji and Loyalty 
islands (fig. 19), and on Easter island (fig. 20), the curve of which 
resembles the Santa Cruz skull curve. This strongly suggests that hyper- 
dolichocephalic variations may be favoured by inbreeding of groups on 
isolated islands (cf. also VON BoNnIN and Morant). 

The Tasmanians may be mentioned separately on account of the 
difficulty the classification of this extinct people has given. 

There are conspicuous differences between the ulotrichous Tasmanians 
and the kymotrichous Australians, also in the cranial index. MORANT 
(Ic. supra) found as average cranial index of his 94 male (A) Australians 
70.8, of his 47 female (A) Australians 72.2. For 43 male Tasmanian skulls 
he found 74.2 and for 19 female skulls 75.1. 

Our male Tasmanian skull curve (combed line Table I, fig. 25) shows 
that the prevailing index of the male skulls is 73—74, but that there also are 
a good many 75 indices among them. With the female Tasmanian skulls 
(Table I, fig. 2) the most frequent index is 74. Both curves also show 
mesocephalic peaks, the male curve a distinct 78 one. 

A comparison of the Tasmanian with the Indonesian skull curves 
(Table II, figs. 14 and 15) and especially with the cephalic curves of 
Eastern Indonesian islands (Table I, figs. 1a, 2a) and of New Guinea 
clearly shows their relationship with the Indo-Melanesian group with 
their male cephalic 75 (cranial 73) and their additional 77(8)—80 cephalic 
(75(6)—78 cranial) peak. For this also the additional 78 (—cephalic 80) 
elevation in the male Tasmanian skull curves, occurring in the Indo Melane- 
sian and failing in the Australian curves, may be advanced. 


Our curves support SOLLAS’ supposition, shared by WOOD JONES and CAMPBELL, 
that some skulls found in Tasmania may be of Australian origin. The elevations at 69 and 
71, coinciding with the main elevations of the male Australian curve, may be due to 
Australian immigration, though this is not necessarily so. Of a migration or relationship 


1164 


in opposite direction there is no evidence, the 73—/5 index giving no special elevation in 
the male Australian skull curve. 


Links with the African Melanoderms. 


Considering the fact that the Indo-Melanesian index curves so closely 
resemble those of the African continent, it is worth while to study the 
curves of groups living between Melanesia (including the small Eastern 
Sunda islands) and Africa (for the correspondance of bloodtypes see my 
following article Table HI). 

A most marked cephalic Indo-Melanesian curve is given by HOSE and 
McDouGAaLt’s Klemantan (Table III, fig. 1), a group of Dayaks whose 
Nesiot character has also been emphasized by the above-mentioned authors 
and by Happon. The 73, 75, 78 and 80 peaks in this curve are 
typically Nesiot. Doubtless NIEUWENHUIS’ and KOHLBRUGGE’s Ula Ajar 
represent a dolichocephalic set of Nesiots (dotted line fig. 1). 

The southern inhabitants of the Isle of Nias off the West coast of 
Sumatra (KLEIWEG DE ZWAAN; continuous line fig. 2) with their high 75 
peak, steep 78 rise and additional 80 peak fall in the same category. A 
comparison with fig. 1A of Table I, confirms this conclusion. 

The Indo-Melanesian character of most Bornean Dayaks and of part 
of the Nias people also appears from the curves Table III, fig. 14. The 
dotted curve of ancient Nias skulls is practically parallel to the continuous 
Dayak skull curve in the same figure. Both curves resemble those of 
Table II, fig. 14. Also among the Batta and Atchinese a Nesiot element 
occurs. 

For the South Eastern part of the Asiatic continent, I already mentioned 
in my preceding paper the Semang of Malacca. The primitive indextype 
also occurs with the Mois of Indo-China!) (fig. 3), the Palaung and Shan 
from Hsipaw (Burma) and with the Chinese Shan (fig. 4), the Burmese 
Taung Thu and Talaing (fig. 5) and with other Paleo-Mongoloid groups 
from Upper and Lower Burma (fig. 6) recorded in the Ethnographic 
survey of India (1906). However, as may be expected, with these Asiatic 
continentals also a considerable number of paleo- and central-Asiatic 
indices, indicated by the 81 and 83 peaks in figs 3—6 occurs. 

With the tribes of the Cis-Himalayan Brahmaputra Valley, examined by 
WADDELL, our primitive index types are kept much purer. The small 
dotted curve in fig. 6, giving the indices of male Sintang, shows a 
pronounced 73 peak, the Kuch (combed line) show a 73 and 78 peak, 
the Kasia (broken line) a 75 and 78 peak, which also mark the most 
frequent indices of the whole group of 579 men measured by WADDELL. 

In India analogous curves are found with the Dravidian tribes, so with 
RisLey’s Santal and Mal Pahari (fig. 8), Jacor’s Southern and Central 
Dravidians (continuous line fig. 9) and with RISLEY’s and HAGEN’s 
Tamils (dotted line fig. 9). Similarly the indices of male Dravida skulls 


1) Cf. also P. W. SCHMIDT, Die Mon Khmer Vélker etc. Arch. f, Anthr. 33 (1906). 
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C. U. ARIENS KAPPERS: The spread of primitive humanity and its links with the more differentiated races, as revealed by cephalic and cranial index curves. 
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registered in fig. 15 show a distinct Nesiot curve, differing from those in 
fig. 14 only by the absence of a 78 (ceph. 80) peak. 

Even in the N.W. borderland of India, with the Brahui of Beluchistan 
(fig. 10), recorded in the Ethnographic survey of India (1907), a 73—80 
peak occurs. In this connection I may add that the Brahui speak a 
Dravidian dialect and that KERN even supposed the Dravidian language 
to originate in Beluchistan (KOHLBRUGGE). 

Whatever secondary differences may exist between these peoples, 
they seem to be derivatives of one large paleolithic stock, from which also 
the paleo-Mongoloid and some other continental Asiatic races may be 
traced (see my following paper). 

Similarly other and somewhat different groups of this ancient stock may 
have reached Africa1). Referring for index curves of the African continent 
to my paper in Vol. 39 of these Proceedings I give here the cephalic curves 
of Madagascar autochtones for which I am indebted to Dr. R. MARTIAL, 
Paris. They are based on the large and interesting material, measured by 
Dr. RouQuettTe. The Antavaratra and Antaisaka curves (fig. 12) with 
their high 73 peak and smaller 75 and 78 elevations again are characteristic 
of our groups. This is still more so with the Antanvasy with their 
prevailing 75 and with the Antandroy with their outstanding 78 peak 
(fig. 11). 

In fig. 13 I registered the cephalic indices of the Kung Bushmen 
measured by LEBZELTER and kindly given to me by this excellent con- 
noisseur of primitive races. Also here we find the (73 and) 75 peak(s), now 
combined with a 77 peak. The curve of male Bushmen skulls (fig. 16), 
in which the 73 peak, corresponding with the cephalic 75 peak, is also 
outstanding, suggests that with other Bushmen groups the secondary meso- 
subbrachycephalic indices, indicated by the cranial 76 and 78 peaks, are 
more numerous than with the Kung Bushmen who may be more primitive 
in this respect. The 73, 76 and 78 elevations in this skull curve correspond 
exactly with those of the Dayak, South Nias and Dravidian skulls, (fig. 14 
and 15), and also with those of our Austronesian curves?) in Table I 
and II. The curve of the female Hottentot skulls (dotted line fig. 17) 
closely resembles the Bushwomen skull curve, but the cranial male Hottentot 
curve (continuous line fig. 16; largely Koranna and Uppington Hottentot 
skulls) shows a greater number of lower indices (cf. BROOM 3). 


1) Most probably the African Melanoderms came from the East. For this the Austro- 
nesian speech on Madagascar as well as later (historic) migrations from Indonesia to 
Madagascar may be advanced (cf. TAUBER, Petermann’s Mitt. Jhrg. 75, 236 (1929)). 

2) Similarly Miss KITSON (Biometrika, Vol. 23, 271 (1931) stated a close affinity 
between Bushman and Tasmanian skulls, 

3) Space does not allow to quote the extensive literature consulted for the data 
registered in our curves, the number of pages being restricted to ten. The authors, 
however, are mentioned on the figures. 


Physics. — On the scattering of neutrons in matter. (IV). By Prof. L. S. 
ORNSTEIN. (Communication from the Physical Institute of the 
University of Utrecht). 


(Communicated at the meeting of November 28, 1936). 


In this paper we will treat the problem of the mean free path in an infinite 
layer of matter limited by a plane on which q neutrons pro unit of square 
enter in a direction perpendicular to the surface since the time — oo and 
the law of distribution in space and velocity for these neutrons. 

We introduce a probability a(v) of collision and a probability w(v) of 
not to be captured. 

If we follow a neutron entering at the time é, it will suffer collisions at 
the times ft, t,...t,. Now we wish to know the mean distance from the 
surface at the time f. 

Now if vo is the original velocity and v, vs ... v, the velocity after the 
impacts, cos 0; cos By ... cos #, the cos of the angle of the path with the 
axis of x, the projection of the path on this direction amounts to: 


Vo (4 —&) + v, cos 8 (t,—t,) +... v, cos 0, (f—t,). . . (I) 


If we indicate the direction of the path after the collision by the angle y, of 
the new path with the old and by an azimuth ¢, of the plane through the 
last path and the x axis with a fixed plane through the axis of x, we have: 


cos J, = cos B,-1 COS Wn + sin On| SiN Wn COS Pn- 
With the help of the quantities introduced we can express the probability 
of the path described by the formula 


1 
mae et F-9)% agdé wy sind, cos}, dd, e—'*-9% a, w, cosy, siny, dy, dy, 


ef —*n—1)%n—-1 sin Wn COS Wn CWn ADn 


From this formule we can find the total number of neutrons which 
suffered n collisions at the time t. It amounts to 


YO 


VN. —@% [ede (wilh) de (wl&)de  (*w(&,) dé, 
i a” vs a Ey é, lee 3 
v & 


0 


1 Sn 


which is identical with the formula given in paper III (p. 1051) if we 
introduce « instead of v. 
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Determining the total path described by the neutron under consideration, 
we have to multiply expression (1) with expression (2) and to integrate 
for all possible values of the angles and the times. In this way we find n 
parts arising from the separate terms of (1). The first is: 
eile N, 
a 


the second 


q Wo 1b dv “w a) dé, > WwW, cos? 0, sin Oa di, 
App Pp &, ie | vy a (v,) 
cat { if — v, dv. 
5 


In order to find the general form, it is good still to determine the third term. 


We find 
w2 sin w2 cos” Wz dz 
ae i 


v% 


w, sin y; cos? avs. 


o 
v 
wre 
ure 


or 


0 


ry dv es dé, 


by 


For the part between the brackets we can write 


(e $2 ff sin y, cos? y, dy = -— pe ae an ft dé, 
& 

q Wo v dv ee dé, / W2 E, dé, 1d 

HE af |. az dE, zc 


54 51 


or 


The eae of v, cos On (t+1— te) to the total path can be found 


by replacing —— : by a: in the integral giving N.. 


With the help of ae formula given we can deduce S, for a path with 


n collisions. The mean free path is given by: 


Eon 
> N, 
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where the sum ought to be taken for all values of n from zero to infinite. 
It is easily seen that we get an infinite series of which the first term is 


q 
e Vo. 

Formula (2) enables us to calculate the distribution of the neutrons 
in space and velocity. With its help we can find the number of neutrons 
present between x and x + dx having suffered a given number of collisions 
and showing a velocity given in magnitude and direction. 

For the group which has suffered no collisions we find, if we put the 
condition 


x < U9 (t—é)< x + du 


Let us consider next the group which suffered only one collision. We have 
to take the sum of 


sin 3 cos 3 dit 
Zz 


q A Wo e— (4-8) Xo dé Cam (t—#,) a 
with the condition that 


X < Vo (t:—-£) + vp cos? B (t—t,) << x + dx. 


wee d. 
We then have to eliminate £ to take “ instead of dé and have to integrate 
Vo 


X—Up cos? Of 


with respect to t, from — to t. In this way we get for the 


Ty cos & 
number under consideration 
ay w ind ee Tad 
qd % Wo dae SIM cos } di (exe seo 1 pe 
2 v% a; —Ay cos? ? 


which formula is valid for & from 0 to Vy; for & from 5 to a the number 


is zero, 

We will further calculate the distribution function for those neutrons 
which suffered two collisions. 

In order to obtain this number we have to integrate the form 


4-1) a, Sin B cos B dd 
2 


«1 Sin y cos p dp 


q Aq Wy EW (4-5) % dé e~( 
4n 


a, MW; e~ 


with the condition that 


Xx < Vo (t,—é) + v, cos 9, (t2—t,) + v2 cos 3, (t—t,) <x + dx, 
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We eliminate & and integrate with respect to t, from 
v ov 
ee | 1 2cOSVy\ | x a: UASOS Va 
v; cos 3; v2 cos 3, vv; cos B; 
LOVE. 


The result must further be integrated from 


nt z= to ¢ f 
=t= = to h=t 
: V2 cos P, é 


In this way we get 


sin 3, cos 3, di; 5 


sin y cosy dy dp 
Ww, _ 


qd % Wo 1 


a 4a 
__ %x Mx 
1 ! (@ % —e a Erte 
Q,— Gq V; COS Hy A,—Ay V2 Cos Hy 
% Vo 
0, 0 Og x 
! ! (e v,cos?, —e cos x) 


a;—a, Vv; Cos F, az—a, V2 COs D2 


V9 VU; 


In order to get the definitive result we ought to bear in mind that 
cos Bo — cos Hy cos p + sin Hy sin py COs gy. 


Vv; = v9 cos By 


V2 = 09 Cos 9, Cos y. 


As we wish to find the distribution function for Ng (x1 0g vg), we ought 
to integrate for such values of 0, and w that 


Vv. <vy cos 9; cos p < v2 + dv, 


y having values between 0 and ao. 

The quantities a1, d) and w, are functions of v1 vg. The calculation can 
therefore only be performed if we are aequainted with these functions. 

As we can proceed in the same way for any of the numbers N, (x, # v) 
we have in principle solved the problem of the distribution law. 

Deducing the distribution function, we can also apply the method of 
paper (III). 

Putting No (x) dx for the number of neutrons between x and x + dx 
which suffered no collision, we get the equation 


d No (x) 


0G No (x) — v9 Baty oes 


1170 


‘I'he solution is 


For the number of neutrons which suffered only one collision we get 


dN, (x.v — 25 
0 = —4a, (v) N, (x, v)—v cos 8 ue ) cos te Bi, 
The solution is 
eee qcosd =e 
N, (x, ve) =Ae °F 4 0 


Vg (a (v) —ay cos? #) 


The constant A can be determined by the condition that for x 0, N (xv) 


is zero for all values of & between 0 and > so that we get 


o a(v) x X 
OSes —=¢E Vocos? — e % *) 
V9 (a (v) — ay cos? ) ‘ 


N, (xv) = 


The same result was attained by our first method. It is possible to 
calculate N,, (x, @) for any value of n by the same procedure. 


We get 


O=—a(v) Nu (x, 82, )—v cos p VG P29) 


ff Nn—1 (x1 9; v1) a; w, cos p sin y dy dp sin 3, dd, do, 


where 
cos 3, = cos 3; cos y + sin 8, sin py cos 


and integrate for @, from 0 to 7/2, for m from 0 to 2x and for wy from 0 
to Tt] 9. 


The quantity a, is a function of ¥1 Vi==Uo9 cos Hy, a a function of v5 
V2g= V9 cos B91 cos wp. 


Physics. — The Absolute Intensity of Cosmic Radiation at Sealevel, 
By J. CLay and H. F. JoNGEN. 


(Communicated at the meeting of November 28, 1936). 


Summary. The value of the ionisation by cosmic rays is measured in a 
vessel of 4.6 L. of cylindrical shape, with different electric fields up to 600 
Volt p. cm. In this way the saturation current could be found for each 
pressure. Between 23 and 38 atm. the wall ionisation is constant and from 
this we derive that the ionisation in the gas at sealevel under 12 cm Fe is 
1,11 I per cm3jsec., in air of 1 atm. and for an open vessel 1.60 I per 
cm3/sec. The ionisation produced by electrons ejected from iron is 21 I per 
cm? Fe. 


During several years we have been ignorant about the true ionisation in 
a gas resp. in air under the influence of the cosmic rays. In so far as the 
measurements are performed in high pressure ionisation chambers, it is very 
difficult to know the saturation current, because for saturation much higher 
fields are necessary than we can apply. Only in argon saturation fields may 
be obtained with rather moderate fields. 

But the greatest difficulty arises from the fact that in a vessel the ionis- 
ation consists of two parts: one caused by the electrons which are rejected 
from the wall by the rays and the other by the electrons rays freed from 
the gas. The number of rays emerging from the wall is proportional to the 
area of the chamber whereas the number of rays produced in the gas is 
proportional to the volume. 

This is the reason why different observers have obtained divergent 
results for the number of ions made by the rays. Besides having 
a different degree of saturation, they had different relations between 
surface and volume of their chambers. The separation of the 
surface and volume ionisation is obtained by the method accord- 
ing to which the ionisation is measured for at least two different 
pressures which are so high that the range of the wall electrons is shorter 
than the dimensions of the vessel. So their total energy is spent in ionis~ 
ation and this ionisation due to the wall is therefore the same for these 
pressures 1). It has been found that this is realised for argon when 70/p is 
larger than the dimensions of the vessel, if p is the pressure in atmospheres. 
Also it has been shown by the measurements on argon that the volumeionis- 


1) J. CLAY, Physica 2, 111 and 811 (1935). 
Proceedings Royal Acad. Amsterdam, Vol. XXXIX, 1936. 76 
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ation is strictly proportional to the gaspressure. The same was shown for 
air under the influence of gammaradiation of Ra. 1). 

The saturation current may be obtained by measuring the ionisation at 
every pressure for at least two different fields. Than JAFFE’s theory of 
columnar ionisation permits to obtain the saturation current by means of a 
linear extrapolation, devised by ZANSTRA 2). 

In applying to the saturation currents thus obtained the method of 
separating wall and volume ionisation discussed above we have now de- 
termined the absolute value of the ionisation of cosmic rays in air. 

In accordance with the foregoing it is necessary to have very strong 
fields and high pressures. 

A horizontal iron cylinder, 80 cm long and of 10,0 cm internal diameter 
was closed on both ends with 
plates of ebonite. The whole was 
inclosed in an iron vessel of 13 cm 
inner diameter and 1 cm thickness. 
Inside the iron cylinder another 
cylinder of a diameter of 4 cm of 
24 fine steel wires was mounted, 
consisting of two halves (fig. 1). 
The potential was applied to the 
iron cylinder, Either the upper or 
te lower half of the wire cylinder 
could be connected to the electro- 
meter. In this way we could test 
if the radiation caused by the upper 
wall and that by the lower wall 
were the same, just as we found in a previous experiment. We found 
indeed that upper and lower wall gave the same number of electrons. 
The experiments were made with the vessel surrounded with iron but 
open on the upper side and also with a shield of 12 cm of iron on the 
top. In this case the disturbing influences from outside are smaller 
and therefore the results under this layer are more accurate. The 
measurements were made at 38, 33, 28 and 23 atm. for four different fields. 
It appeared that the voltages higher than 1800 Volt, such as we applied at 
first, were not suitable, we think because the steel wires at the inner side 
were thin (0.1 mm) and therefore we applied potentials up to 1800 Volt 
only, that means 600 Volt/em. But we found that the transformed points 
were on a straight line so that the saturation current was determined with 
sufficient accuracy. 


Fig. 1. Cross section of the cylindrical 
ionisation vessel. 


In Fig. 2 the values of the saturation current are plotted against pressure 
ahd we see that the ionisation found for the pressures between 2338 atm. 


1) J. CLAY and M. A. VAN Tyn, Physica 2, 825 (1935). 
?) H. ZANSTRA, Physica 2, 817 (1935). 
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lay on a straight line AB (fig. 2) such as we might expect from our theory, 
From the results with argon we expected that a range of 3 cm. of the wall 
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Fig. 2. JIonisation in air by Cosmic Rays at different pressures. 


electron would be found a little below 23 atm. and we see that the values 
for 13 and 18 atm., lay on a straight line OA through the origin and the 
range of the wall electrons is 3 cm for 21 atm. Now this line would be 
followed down to one atm., if there was no infection of a radiation from 
the wall. But we know from our measurements under 260 m. of earth that 
this radiation is very small, not exceeding 0.8 % of the intensity at sealevel. 

For another reason we might expect in our case that under 13 atm. 
the ionisation would deviate from the proportionality because the electrons 
coming from the wall, having a range of 3 cm. at 21 atm. will have a range 
of 7 cm. at 9 atm. and for this pressure and for lower pressure they will 
penetrate through the cylinder of the wires and add a part of their energy 
again to the ionisation in the chamber at the opposite side. So we may 
consider the excess of ionisation above the straight dotted line at the 
pressures below 10 atm. as a new proof for the correctness of our theory. 

The straight line OC through the origin which is taken parellel to 
the line through the points from 23 to 38 atm. gives us the ionisation which 
is the result of the influence of the cosmic rays on the gas only, and as this 
ionisation is strictly proportional to the pressure we find that for 40 atm. 
the ionisation is 45 I, that means 1.11 Ion per cm® per sec. at one atm. 
under 12.5 cm. Fe. (The volume of the vessel was 4655 cc. and the thickness 
of the wall of the iron cylinder was 0.5 cm, of the vessel 1,0 cm. 

For iron we find that the total ionisation in air given by the electrons 
ejected from of iron by the rays is 21 I. p. cm? Fe. (The area of the wall 
was 2226 cm?.). 

When the vessel was open at the top we found 1.60 I. p. cm3/sec., 
reduced to one atmosphere for the volume ionisation and 25 I. p. cm? Fe 
for the wall ionisation, but these last figures are less accurate. 
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Chemistry. — Der Einfluss mechanischer Deformation auf die Umwand- 
lungsgeschwindigkeit polymorpher Metalle III. Der Einfluss metal- 
lischer Beimengungen II. Von ERNST COHEN und A. K. W. A. VAN 
LIESHOUT. 


(Communicated at the meeting of November 28, 1936). 
Einleitung. 


Nachdem wir in unserer zweiten Mitteilung1) festgestellt hatten, dass 
ausserst geringe Zusatze (bis 0.001 Gew. %) von Bi, Pb, Sb, Cd bezw. 
von Ag die Umwandlungsgeschwindigkeit des weissen, deformierten Zinns 
in die graue Modifikation verlangsamen, Al bezw. Zn dagegen einen 
sehr stark beschleunigenden Einfluss darauf iiben, haben wir in den hier 
zu beschreibenden Versuchen die Metalle Mn, Fe, Ni, Co, Te, Au und Ag 
nach dieser Richtung untersucht. Auch wurde festgestellt in welcher Weise 
der Zusatz zweier Fremdmetalle die Geschwindigkeit der genannten Um- 
wandlung beeinflusst, sowie der Einfluss geringer Mengen von Fremd- 
metallen auf die Umwandlungsgeschwindigkeit des gegossenen weissen 
Zinns. 


Materialien und Versuchstechnik. 


1. Das verwendete Zinn entstammte demselben Blocke Banka Zinn, 
dessen Zusammensetzung bereits in unserer zweiten Mitteilung2) be- 
schrieben wurde (Gesammtgehalt an Fremdmetallen 0.07 %). Im Voriiber- 
gehen sei bemerkt, dass eine Untersuchung am spektroskopisch reinen Zinn 
geplant ist. 


2. Die Metalle, von welchen unten als Zusatze Rede ist (Bi Zn, Ni, 
Cd, Pb, Sb, Co, Fe, Mn, Te bezw. Cu), waren die reinsten KAHLBAUM- 
produkte; das Al (in Drahtform) war Aluminium metallicum von MERCK, 
wahrend das verwendete reinste Miinzgold bezw. Miinzsilber von der hie- 
sigen Reichsmiinze bezogen wurde. Ausserdem stellte Herr D. J. Mac- 
NAUGHTAN, Director of Research, International Tin Research and Develop- 
ment Council, London, uns freundlichst eine Anzahl von Zinnlegierungen 
(1 Gew. %) Ni, bezw. Co, Fe, Cu, Zn, Al, zur Verfiigung, welche uns 
in Stand setzten unsere Versuche mit daraus von uns hergestellten verdiinn- 
ten Legierungen zu wiederholen, 

3. Die Darstellung der betreffenden Legierungen erfolgte in der in § 2 


1) Proc. Acad. Sci. Amsterdam 39, 352 (1936). 
?) Proc. Acad. Sci. Amsterdam 39, 352 (1936). § 1 daselbst. 


Pies 


unserer zweiten Mitteilung beschriebenen Art und Weise. Die auch jetzt 
von uns verwendete Versuchstechnik wurde bereits in jener Mitteilung 
(§ 2) erértert. 


A. Der Einfluss von Einzelmetallen auf die Umwandlungsgeschwindigkeit 
des deformierten weissen Zinns. 


4. Die Tabellen 1 und 2 enthalten unsere Versuchsergebnisse. Die in 
Tabelle 1 aufgefiihrten Legierungen stellten wir uns selbst her, die in 
Tabelle 2 genannten aus den uns von Herrn MACNAUGHTAN iiberlassenen 
Objekten. 


TABELLE 1. Temperatur —50° C. 


Zeit | 0.19/p Au | 0.19/y Cu | 0.19/p Te |0.19/9Mn| Banka 
| | 
1 0 0 3 3 0 
2 0 3 0 
3 0 1 
5 0 3 
36 0 


TABELLE 2. Temperatur —50° C. 


Zeit | 0. 12/g Ni | 0. 19/g Co} 0.1/p Fe |0.1/p Cu} 0.1%/p Zn] 0.1% Al] Banka 
ses 

Mee eee se Ps Poe 
2 0 3 i 1 0 

3 0 2 2 1 

4 0 3 2 1 

5 0 3 3 

6 2 

7 3 


In der Spalte mit der Ueberschrift ,,Zeit’’ sind die Zeiten (in 24 Std. als 
Einheit) verzeichnet, wahrend welcher die Drahte auf —50° C. gehalten 
waren. Es wurde stets mit drei Drahten der betreffenden Legierung, bezw. 
des Banka Zinns experimentiert. 

Die Zahlen in den anderen Spalten bezeichnen die Anzahl der Drahte, 
bei welchen nach den betreffenden Zeiten das Eintreten der Zinnpest 
sichtbar wurde, wahrend die Zahlen in der mit ,,Banka” tiberschriebenen 
Spalte sich auf Drahte aus Banka Zinn von der in § 1 unserer zweiten 
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Mitteilung genannten Zusammensetzung beziehen, welches dieselbe mecha- 
nische (thermische) Vorgeschichte hatte als die untersuchten Legierungen. 


5. Den Tabellen 1 und 2 lasst sich entnehmen, dass Au die Umwand- 
lungsgeschwindigkeit stark herabsetzt, wahrend Te, Mn, Co, Al, sowie Zn 
dieselbe vergréssern, Fe, Ni und Cu dagegen nur einen geringen Einfluss 


iiben. 


6. Obwohl es verfriiht sein diirfte bereits heute fiir die bisher beobach- 
teten Erscheinungen eine Erklarung geben zu wollen, glauben wir dennoch 
die Aufmerksamkeit auf die merkwiirdige Tatsache lenken zu miissen, dass 
diejenigen Metalle, welche die Umwandlung des weissen Zinns in die 
graue Modifikation beschleunigen, mit Zinn (im Intervall 99.5 bis 100 % 
Zinn) Mischkristalle nicht bilden; es sind dies die Metalle Zn 1), Al 2), 
Co 3), Mn4) und Te5). 

Diejenigen der untersuchten Metalle, welche die Umwandlung ver- 
zogern, sind im Stande mit Sn im genannten Intervall Mischkristalle zu 
bilden: Sb&), Pb7), Bi8), Cd), Ag 1°), 

Zur bequemeren Uebersicht fassen wir die bisher erhaltenen Resultate 
in Tabelle 3 zusammen, in welcher das + Zeichen andeutet, dass ein Zu- 
satz des betreffenden Metalls zum Zinn eine Beschleunigung der Umwand- 
lung herbeifiihrt, wahrend das Zeichen — sich auf eine Verlangsamung 
derselben bezieht. 


7. Aus der Tabelle lasst sich ersehen, dass die Systeme Sn—wWNi, 
Sn—Cu; Sn—Fe sowie Sn—Au sich anders verhalten, als man auf Grund 
des oben angedeuteten Schemas erwarten wiirde. 

Nach den vorhandenen Literaturdaten liegt im System Sn—Fe Misch- 
kristallbildung im Intervall 99.5—100 % Sn nicht vor, im System Sn—Cu 


t) R. LORENZ und D. PLUMBRIDGE, Z. anorg. allgem. Chem. 83, 228 (1913); 
FE. CREPAZ, Giorn. chim. ind. applicata 5, 115 (1923). 

®) A. G. C. Gwyer, Z. anorg. allgem. Chem. 49, 311 (1906); L. LosANA und 
FE, CAROZZI, Gazz. chim. ital. 53, 546 (1923). 


*) K. LEwkonja, Z, anorg. allgem. Chem. 59, 293 (1908); S. F. ZEMCZWZNY und 
S. W. BELYNSKY, Z. anorg. allgem. Chem, 59, 364 (1908). 

*) R. S. WILLIAMS, Z. anorg. allgem. Chem. 55, 1 (1907). 

5) W. BILTZ und W. MECKLENBURG, Z. anorg. allgem. Chem. 64, 226 (1909). 

6) R. LOEBE, Metallurgie 8, 7 (1911): W. BRONIEWSKI und L. SLIWOWSKI, Rev. 
métal. 25, 312 (1928); K. INASE, N. AOKI und A. OSAWA, Science Repts. Tohoku Imp. 
Univ. 20, 353 (1931). 

7) ('W. ROSENHAIN und P. A. TUCKER, Trans. Roy. Soc. London A 209, 89 (1908); 
F. H. JEFFERY, Trans. Far. Soc. 24, 209 (1928); K. HONAH und N. ABE, Science Repts. 
Téhoku Imp. Univ, 19, 315 (1930); D. STOCKDALE, J. Inst. Metals 49, 267 (1932). 

8) W. A. Cowan, G. O. NIERS und F, H, EDWARDS, National Metals Handbook 
A. S. ST: 1933, 1379, 

®) D. HANSON und W. A. PELL-WALPOLE, J. Inst. Metals 56, 165 (1935), 

10) A. J. MURPHY, J. Inst. Metals 35, 107 (1926) 


. 
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TABELLE 3. 


Mischkristallbildung findet nicht statt. 


+ 

Mn + x 2, L i 
— 
0 


” ” ” ” 


Bi — Es findet A statt. 
Sb “aod ad ” ” ve 


Gu 0 ee s x 


dagegen wohl. Wir erwarteten somit, dass Fe die Umwandlung beschleu- 
nigen, Cu dagegen dieselbe verzégern wiirde. Unsere Messungen ergaben 
indes, dass sowohl ein Zusatz von 0.1 Gew. % Fe wie auch ein solcher 
von 0.1 Gew. % Cu einen ausgesprochenen Einfluss nicht ibt. 

Das System Sn—Au (Sn + 0.1 Gew. % Au), welches Mischkristalle 
nicht bildet 1), zeigt, entgegen unserer Erwartung, eine sehr ausgespro- 
chene Verzégerung der Umwandlung. Eine nahere Untersuchung, wobei 
spektroskopisch reines Zinn als Ausgangsmaterial zu verwenden ist, ist 
hier geboten. Ausserdem aber ist in jedem Spezialfall festzustellen, in 
wiefern den bisher in der Literatur beschriebenen Zustandsdiagrammen 
der genannten Legierungen, speziell im Intervall 99.5—100 Gew. % Sn 
Wert beizulegen ist; die kritische Besprechung derselben in dem soeben 
erschienenen HANSENschen Werke 2) mahnt zur Vorsicht. 


B. Der Einfluss des gleichzeitigen Zusatzes mehrerer Metalle auf die 
Umwandlungsgeschwindigkeit des deformierten weissen Zinns. 


8. Zwecks naheren Studiums dieses Einflusses legierten wir unser 
weisses Bankazinn mit zwei Fremdmetallen in sehr geringen Mengen und 
zwar mit einem Metall (Al), welches nach unseren friiheren Messungen 
die Umwandlungsgeschwindigkeit stark beschleunigt, sowie gleichzeitig 
mit einem solchen (Bi), welches dieselbe in hohem Masse herabsetzt. Der 
Zusatz beider Metalle betrug 0.05 Gew. % (Tabelle 4, Spalte 4). 


1) R. VOGEL, Z. anorg. allgem. Chem. 46, 60 (1905); S. STENBOCK und W. WEST- 
GREN, Z. physik. Chem. (B) 14, 91 (1931). 

2) M. HANSEN, Der Aufbau der Zweistofflegierungen. Eine kritische Zusammen- 
fassung. Leipzig 1936. 
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TABELLE 4. Temperatur —50° C. 


0.22 At. 0/g 
Al + 0.22 
At. 9/o Bi 


0.05 Gew. 5% Al 


k 
40 /05'Gew 05 Bi imine ae 


Auch eine Sn-Legierung, welche eine gleiche Anzahl von Atomprozenten 
Al und Bi enthielt (0.22 At. %), haben wir untersucht. Das Ergebnis ist 
in der letzten Spalte der Tabelle 4 aufgefiihrt. Es tritt die verzégernde Wir- 
kung des Bi auch in der Sn—Bi—Al-Legierung deutlich zu Tage, welche 
die so stark beschleunigende Wirkung des Al iibertrifft. Eine eingehende 
Untersuchung dieser so interessanten Erscheinungen ist in Aussicht 
genommen. 


C. Der Einfluss von Fremdmetallen auf die Umwandlungsgeschwindigkeit 
des gegossenen weissen Zinns. 


9. Unsere oben beschriebenen Untersuchungen befassten sich aus- 
schliesslich mit weissem Zinn, bezw. mit dessen Legierungen, welche vor 
der Bestimmung der Umwandlungsgeschwindigkeit hei —50° C. einer 
mechanischen Deformation (Walzen) unterworfen gewesen waren. 

Wichtig ist auch die Frage, welche Erscheinungen eintreten, falls es sich 
um nicht deformiertes (gegossenes, langsam gekiihltes) Zinn handelt. 
Zur Beantwortung derselben stellten wir uns in der frither (Zweite Mit- 
teflung, § 2) beschriebenen Weise gegossene Drahte von 4.5 mm Durch- 
messer her, sowohl aus Banka Zinn, wie auch aus Legierungen, welche 


neben Zinn 0.05 Gew. % Al, bezw. 0.05 Gew. % Bi oder 0.05 Gew. % Zn 
enthielten. 


10. Die Tabelle 5 enthalt die mit-diesen Drahten erzielten Ergebnisse. 
Ungeachtet der fiir die Keim- und Kernbildung ungiinstige 1) thermische 
Vorgeschichte der Objekte, beschleunigt das vorhandene Al die Umwand- 
lungsgeschwindigkeit ganz bedeutend. 


11. Zum Schluss noch einige Bemerkungen iiber das Aussehen der 
Zinndrahte wahrend des Entstehens der Zinnpest in Sn—Al-Legierungen. 
Beim reinen Zinn entwickeln sich beim Eintreten der Zinnpest értlich 
graue Aufblahungen, Warzen, deren Umfang stets grésser wird, bis sie 


1) ERNST COHEN, W. A. T. CoHEN-DE MEESTER und A. K. W. A. VAN LIESHOUT, 
Proc. Acad. Sci. Amsterdam 38, 377 (1935), § 1. Z. physik, Chem. (A) 173, 169 (1935), 
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TABELLE 5. Temperatur —50° C. 


Gegossene Legierungen. 


0.05% Al 0.05%) Zn 0.05% Bi 


schliesslich zur vélligen Desgregation des Metalles fiithren, welches dann 
ein graues Pulver bildet. Bei den von uns untersuchten Snm—Al-Legierun- 
gen (Vergl. Tabelle 6) schwillt das ganze Material (Draht) schnell auf 
und wird grau. Infolge der bedeutenden Volumendnderung, welche den 
Vorgang begleitet (etwa 25%) nimmt der Durchschnitt der Drahte zu, 
sodass sie in dem betreffenden Glasrohr eingeklemmt werden und sich aus 
demselben nur mit Miihe entfernen lassen. Auch bilden sich in dem 
Metalle Risse, welche der Lange nach verlaufen. Die Drahte (Stabe) 
werden infolge der Umwandlung sehr briichig und lassen sich zwischen 
den Fingern leicht zerpulvern. ; 


Zusammenfassung. 


Es wurde der Einfluss von Beimengungen fremder Metalle auf die 
Umwandlungsgeschwindigkeit von weissem Zinn bekannter mechanischer 
und thermischer Vorgeschichte studiert. Dabei stellte sich heraus, dass 
bereits ausserst geringe Mengen Zn, Co, Mn, Al bezw. Te diese Ge- 
schwindigkeit stark erhéhen, Fe, Ni bezw. Cu praktisch einen Einfluss 
nicht iiben, dagegen Bi, Sb, Pb, Cd, Au bezw. Ag dieselbe herabsetzen. 
Beim gleichzeitigen Zusetzen von mehreren Fremdmetallen (Al, Bi in 
gleichen Mengen) wird die beschleunigende Wirkung des Al von der 
verzogernden des Bi iiberkompensiert. 

Auch am gegossenen Zinn liess sich ein Einfluss des Zusatzes geringer 
Mengen Fremdmetall auf die Umwandlungsgeschwindigkeit feststellen. 

Wir hoffen spater auf die Bedeutung der studierten Erscheinungen fiir 
das Problem der Korrosion zuriickzukommen. 


Utrecht, November 1936. VAN 'T HoFF-Laboratorium. 


Paleontology. — Racial Identity of Homo soloensis Oppenoorth 
(including Homo modjokertensis von Koenigswald) and Sinan- 
thropus pekinensis Davidson Black. By Euc. DuBois. 


(Communicated at the meeting of November 28, 1936). 


At the meeting of April 29, 1933 I read a paper on “The Shape and 
the Size of the Brain in Sinanthropus and in Pithecanthropus’1), in which 
I tried to prove the existence of a fundamental difference between these 
two organisms. The first one, possessing a parietal vertex of the brain, is 
apparently human, the other, lacking such a parietal accumulation of brain 
mass, is distinctly anthropomorphous, in so far as regards brain form. 

At the same time I expressed the opinion that the brain volume of 
Sinanthropus I was individually abnormally small. Moreover I considered 
the Peking Man as belonging to the Neanderthal group of mankind, the 
species Homo neandertalensis. In both these respects I have changed my 
opinion. This, firstly, by the study of the casts of Ngandong Skulls I to 
VI, most kindly placed at my disposal by Professor VAN DEN BROEK, and 
the examination of the endocranial cast of Skull I, to which the discoverer 
of Solo Man largely gave me opportunity; secondly by the study of 
the cast of the fossil child skull recently described by Dr. VON KoENIGs-~ 
WALD #) under the name of Homo modjokertensis; finally by the recent 
very important report of Professor FRANZ WEIDENREICH ‘Observations 
on the form and proportions of the endocranial casts of Sinanthropus 
pekinensis”’ 3), 

What struck me in the Ngandong skulls (Homo soloensis Oppenoorth) 
is their low capacity, in comparison even with the Australian aborigine, 
the average cranial capacity of which we may assume to be, according to 
the best sources, 1.295 cc in the male sex and 1.146 cc in the female. 
For Ngandong Skull I OppENoorTH calculated a probable capacity of 
c. 1.200 cc; for the gigantic Ngandong Skull V, measured with dry sand, 
he found c. 1.300 cc. Trying to obtain more accurate results, I measured the 
endocranial length, breadth and height (the latter from the auricular height 
of the skull) and calculated by means of the formula of FRORIEP a volume of 
the cranial cavity of 1.143cc. Comparing those internal chief linear dimensions 


*) Proc. Royal Acad., Amsterdam, Vol. 36, 415—423 (1933). With 4 Plates. 

2) G. H. R. VON KOENIGSWALD, Erste Mitteilung iiber einen fossilen Hominiden 
aus dem Altpleistocéin Ostjavas. Proc, Royal Acad., Amsterdam, Vol. 39, 1000~1009 
(1936). 


3) National Geological Survey of China, Palaeontologia Sinica, Series D, Vol. VII, 
Fascicle 4, 50 pp. (1936). 
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of Ngandong Skull I with those of the cast of the cranial cavity of Homo 
thodesiensis, | found 1.150 cc for the first. We thus may safely assume 
1.150 cc for the cranial capacity of Ngandong Skull I. The features of this 
skull betray a male, in accordance with OpPENOORTH’s original opinion. 
For the exceptionally large and certainly male skull No. V I calculate 
1.284 cc, rounded off to 1.295 cc. This gigantic skull has thus only a 
capacity equal to the average capacity of the male Australian aborigine. 
For Ngandong Skull VI, to all appearance female, I find 1.087 rounded off 
to 1.095 cc. Assuming for the average cranial capacities of the male and 
the female Homo soloensis 1.200 cc and 1.050 cc, respectively, we find a 
difference with this probably protoaustralian of 95 cc to the benefit of the 
present Australian — a difference which may be easily accounted for as 
an absolute, not a relative one, by the influence of culture, by means of 
which the Australian could better provide for the necessities of life and 
hence somewhat improve his originally poor constitution. 

The cranial capacity of the adult belonging to the child, the fossil skull 
of which, recently described by VON KOENIGSWALD, was discovered in 
Java in the beginning of 1936, must, however, have been even very much 
smaller, equal to that of Sinanthropus I, which according to the recent 
report of WEIDENREICH (l.c.) was 915 cc. At first, from the excellent 
photographs of the child’s skull which, in May, Dr. voN KOENIGSWALD 
was good enough to send me, I calculated a brain volume of amply 700 cc. 
Then, assuming that this evidently human child belonged to the Homo 
soloensis race, I inferred that its age should have been one year, if it 
was female, and if brain growth in that race was in accordance with brain 
growth in modern man. The age of one year, however, resulting in that 
way did not well agree with the morphology of the skull. Since, having 
had occasion, by the kindness of Professor RUTTEN, to examine a cast of 
the fossil child skull, I re-estimated the brain volume at about 650 cc and 
by exact comparison1) with the skull of a Papuan child from the Aru Isles 
of two years of age I found a nearly agreeing age for the fossil child, 
and, again, assuming accordance in brain growth with modern man, a brain 
volume in the adult of about 900 cc, equalling that of Sinanthropus Skull I. 
For the capacity of Sinanthropus Skull IJ WEIDENREICH, after recon- 
struction of the base, only found 1.025 cc. These low capacities in Sinan- 
thropus are inconsistent with the consideration that the Peking man 
should belong to the Neanderthal group of mankind and induce to disregard 
in this case, as DAVIDSON BLAck did, the significance of taurodontisme, 
as distinguishing Neanderthal Man. On the other hand this and other facts 
approach Peking man and Solo man. 


1) The processus mastoideus, only preserved on the right side of the fossil (on 
Plate III indicated by ; the white dot marks the place of a left pseudo-~ mastoid 
process), strikingly resembles the same part of the temporal bone in the skull of the 
Papuan child. Generally on the base of the two skulls development and measures of the 
parts are equal, though the capacities are 650 and 1010. 
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The racial identity of the child Homo modjokertensis and the adult 
Homo soloensis is not doubtful. The differences are such as in any other 
race between child and adult. The bending of the ossa parietalia, corres- 
ponding with a relatively high parietal vertex of the brain1) in the child 
(Fig. 1), is apparently a consequence of the absolute necessity to poise 
the head upon the vertebral column, at that time of life the muscles of the 
neck being still weak. 


Fig. 1. ; 
Diagrammatic drawing from telephotographs, in Frankfort plane orientation, 
of right norma lateralis view of Homo soloensis Skull VI cast (VI), and 
Homo modjokertensis Skull cast (Left diagram reverted to right) (M). X 14. 
“Porion” of both coinciding. Remark general conformity of young child and 
adult, at the same time much more bending of parietal bone in the child. 


The similarity of the full-grown brain in the endocrania of Sinanthropus 
pekinensis 1 and Homo soloensis I appears strikingly in Figure 2. The 
contour lines in the norma lateralis view nearly coincide. The cerebral 
hemisphere in Homo soloensis is, however, higher posteriorly, the inferior 
limit of the cerebrum being at greater distance from the summit than in 
Sinanthropus pekinensis. As seen in the Figures 3 and 4, representing the 
two skulls, each figure in a different orientation, this is the consequence 
of a displacement of brain mass, and weight, caused by the leaning 
forward of the head, which in Homo soloensis was kept up by a mighty 
musculature, attached at the surprisingly extensive nuchal plane of the 
occipital bone. Probably this plane was not yet fully developed in the about 
9 year old Sinanthropus I. Hence the difference in the height of the 
posterior half of the brain. 


1) See in “The Shape and the Size of the Brain in Sinanthropus and in Pithecan- 
thropus”, Pages 417—420, Plates II to IV, and Textfigure. 


Fig. 2. 
Diagrammatic drawing from telephotographs in Frankfort plane orientation 
of right norma lateralis view of endocranial casts of Sinanthropus pekinensis 
I. X 2/31), and superimposed outline of endocranial cast of Homo soloensis 
Skull I, made to equal length. Remark that posteriorly the base of the 
cerebral hemisphere of Homo soloensis falls much below that of 
Sinanthropus pekinensis. 


Fig. 3. 
Outlines of right norma lateralis views of Sinanthropus pekinensis 
Skull I (s) 2) and Homo soloensis Skull I (N). From telephotographs. X 14. 
Contour lines at the vault nearly coinciding, nuchal planes nearly parallel, 
of both “porion” coinciding. Remark glabellar point of Homo soloensis I 
falling (natural size) 3 cm below glabellar point of Sinanthropus pekinensis I. 


1) DAVIDSON BLACK, On an Endocranial Cast of the Adolescent Sinanthropus Skull. 
Proceed. Roy. Soc. Ser. B, Vol. 112, p. 268. London (1933). 

2) DAVIDSON BLACK, On an Adolescent Skull of Sinanthropus pekinensis. Palaeonto- 
logia Sinica. Series D, Vol. VII, Fasc. 2, p. 8. Peiping (Peking) (1931). 
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It is very interesting and important to see this parietal accumulation of 
brain mass in the young child in comparison with the adolescent and. 
the adult, and in the adult (with increased face part of the head) in 
comparison with the adolescent, as well as in Man in general in comparison 
with the anthropomorphous Apes and with Pithecanthropus, in every case 
in order to poise the head as much as possible upon the vertebral column. 
In Pithecanthropus the difference of the brain contour from that in Man 
signifies a real difference in the organization. Here the forward leaning of 
the head does not cause parietal accumulation of brain mass, for neither 
in the anthropomorphous Apes the head is, nor in Pithecanthropus was 
poised upon the vertebral column. 


Fig. 4. 


The same outlines as in Figure 3, here with approximately coinciding 

Glabella and Inion points. Remark, in this position “Porion” and vertex of 

Homo soloensis Skull I (N) fall (natural size) about 114 cm above those in 
Sinanthropus pekinensis I (S). 


The conclusive proof of the racial identity of Homo soloensis (including 
Homo modjokertensis) and Sinanthropus pekinensis is given by the “unique 
morphology of the tympanic portion of the temporal bone’, which struck 
Davipson BLAcK in the Sinanthropus Skull I, and, again, strikes 
VON KOENIGSWALD in his Homo modjokertensis (Plates I and III). I find 
it typically developed in the adult Homo soloensis, preserved on both sides 
in skull VI, on the left side in Skull V (Plates II and III), on the right 
side, incompletely, in Skull I]. The meatus acusticus externus, in these cases, 
is not directed more or less forwards, as in all modern races, in Neanderthal 
and Rhodesian Man, but transversely or somewhat backwards. The 
tympanic plate, divided by the crista tympanica in a large anterior and a 
small posterior free part, is exceedingly thick and strong. The large anterior 


EUG. DUBOIS: Racial Identity of Homo soloensis Oppenoorth (including 


Homo modjokertensis von Koenigswald) and Sinanthropus pekinensis Davidson Black. 


PLATE | PLATE IL. PLATE Ill 
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Telephotograph. 


Natural size. 


Basal view of Homo modjokertensis Skull (Cast). Telephotograph. 


Basal view of Sinanthropus pekinensis Skull I (Cast). Telephotograph. Natural size. 


Basal view of Homo soloensis Skull VI (Cast). Telephotograph. Natural size. 
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part, facing the fossa mandibularis, is more or less convex, rounded for- 
ward, so as to be able to resist strong pressure. The tympanic plate of 
modern races, on the contrary, is more or less concave and much less strong. 
The border of the porus acusticus externus shows a very peculiar reéntering, 
about right angle. In the Sinanthropus Skull I this angle is continued in a 
roundly terminating fissure, which strikingly resembles such a feature in 
a skull of a very young, probably less than a year old Papuan child. 

Presumably the unique tympanic plate has a passive significance in the 
vegetative organization for resisting extraordinary strong hydrostatic 
pressure from the parotid gland, caused by particularly powerful move- 
ments of the capitulum mandibulae and a particular diet. 

Finally a geological remark seems not out of place here. Dr. VON 
KOENIGSWALD considers the fossil skull of the Modjokerto child to be of 
old-Pleistocene age, the Ngandong skulls, however, — I believe on unsub- 
stantial grounds — as young-Pleistocene. There is much evidence for old- 
Pleistocene age of Sinanthropus pekinensis. Would not Homo soloensis 
be of the same age? 


Physics. — A continuously acting cloud-chamber. By H. BRINKMAN. 
(Communication from the Physical Laboratory of the University 
of Utrecht.) (Communicated by Prof. L. S. ORNSTEIN.) 


(Communicated at the meeting of November 28, 1936). 


In this paper we give the description of a continuously acting cloud- 
chamber, permitting more than twenty expansions in a second, suitable 
for various experiments in nuclear physics especially for rare nuclear 
phenomena or such with a short lifetime and cosmic ray investigations. 


§ 1. Principle of the continuously acting cloud-chamber. 


The gas (air) in the cloud chamber is periodically expanded and 
compressed. During an expansion (adiabatic) the watervapour in 
the chamber becomes supersaturated and for certain expansion-ratios 
condensation takes place only on the ions in the chamber. 

The local disturbance in the homogeneous concentration of the water- 
vapour, caused by the formation of drops, is restored during the 
compression. By the compression the gas is heated up again, the waterdrops 
evaporate before they have moved from their places and the ions, still 
present in the chamber are moved away by an applied electric field. Then 
the chamber is ready for the next expansion and so on. 

In order to avoid the turbulence of the gas, as is necessary: 

19. to get back the homogeneous concentration of water vapour after 


each compression; 
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20, to get well defined tracks of the ionizing particles, 
the gas moves in radial direction between two parallel walls at short 
distance from each other. 


§ 2. Provisional construction of the continuously acting cloud-chamber. 


Within a metal cylinder C (fig 1) moves a piston P, driven by an 
electrical motor. 

The amplitude of the piston determines the expansion ratio. This ratio 
depends on the vapour present in the chamber. We used water and 
water-aethylalcohol mixtures in air of about atmospheric pressure. The 
bottom of the cylinder C is the glass plate G; the edges are rounded off 
by the brass cylinder D. Parallel to G the blackened metal plate A is fixed, 
centric in C, on a thin metal bar B (across the cylinder C). The distance 
between A and G is about 3 mm; A and G must be perfectly parallel. The 
diameter of C in our provisional construction is only 90 mm, that of plate A 
is 80 mm. The amplitude of P evaluates to 5 mm (alcohol-water mixture). 

The gas between A and G 
moves radially during the ex- 
G Y pansion and compression. In the 

D B | axis of C, between A and G, 
radioactive sources can be placed 
without disturbing the radial 
streaming of the gas. 

We varied the number of 
expansions per second from 8 
up to 20 (limited by the electric 
motor which we used), getting 
in all cases well defined cloud 
tracks with a-particles (observed 
by means of the light scattered by the waterdrops, irradiating the chamber 
from aside). The movement of the piston P was harmonic. 

An electric field must be applied between A and a metal ring R on G, 
only during the compression stroke. 

A new and more definitive construction of this continuously acting cloud- 
chamber is in preparation. 


Finally I have to thank Prof. Dr. L. S. ORNSTEIN for his encouraging 
interest and stimulants during the development of the continuously acting 
cloud-chamber. I thank Dr. D. Tu. J. TER Horst for his guidance 
constructing the provisional apparatus in the workshop of the Physical 
Laboratory. Mr. W. LANGENDIJK and Dr. W. DE BRAAF were so kind to 
help me with some experiments. 


Chemistry. — On the spreading of fibrinogen. By E. Gorter, 
L. MaaskanT and G. J. vaN LooKEREN CAMPAGNE. (From the 
Laboratory of the Children’s Hospital of the University of Leiden, 
Holland.) (Communicated by Prof. J. vAN DER HoEve.) : 


(Communicated at the meeting of November 28, 1936). 
a. The influence of trypsin on the spreading of fibrinogen. 


Up till now we had studied the spreading of fibrinogen only superficially. 
In a previous communication the suggestion was made, that fibrinogen 
probably did not spread because the particles of the sol had too little 
solubility. The reason of this retarded investigation was owing to the 
experimental difficulties of the preparation of pure fibrinogen. 

GoRTER and VAN ORMONDT 1) showed that spreading of well-purified 
myosin is very difficult to obtain. 

If, however, small quantities of trypsin are added to the myosin solution 
spreading is facilitated and it seems reasonable to think that an enzyme 
can by inducing a protein to increase its surface prepare it for hydrolysis 
into smaller peptides and amino-acids. 

It seemed to us, that the same circumstances, examined by GORTER and 
VAN ORMONDT with regard to myosin, influence the spreading of 
fibrinogen. 

Spreading of freshly prepared and well-purified fibrinogen even on a 
strongly acid solution p,, 1.0 can be scarcely observed. Now it is possible 
to induce fibrinogen solutions to spread by adding to the solution a trace 
of a proteolytic enzyme, by which the fibrinogen is transformed into a 
well-spreading substance. 

This process is dependent on the temperature of the solution and on the 
amount of the trypsin added and it takes some time before the final effect 
of the action of the trypsin on the fibrinogen is obtained, when the 
concentration of trypsin is rather low. 

Fig. 1 shows the results of measurements of spreading, when different 
concentrations of trypsin are added to a fibrinogen solution (5 mg./m.1.) 
after various periods of time at the same temperature, while the temperature 
is kept constant (38°). It appears, that before degradation into small 
particles, which have no longer spreading properties the spreading remains 
maximum rather a long time, even when the trypsinconcentration is 


high (1/50). 


1) EE, GORTER and H. v. ORMONDT, Bioch. J., Vol. XXIX, No. 1, pag. 48 (1935). 
Proceedings Royal Acad. Amsterdam, Vol. XXXIX, 1936. Gf 
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We have also studied the influence of temperature on the first part 
of the enzymatic process and for this purpose we constructed a curve 
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(fig. 2), which shows that the same area for the spreading of fibrinogen 
after exposure for a given time to the action of trypsin can be obtained by 
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Fig. 2. Fig. 3. 
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varying both temperature and concentration of trypsin. It is logical, that 
if the temperature is increased, the concentration must be lowered to get 
the same effect. 

Fig. 3 showed the effect of varying concentration of trypsin on the 
spreading of fibrinogen, whereas the time of action of trypsin is 4 minutes 
and the temperature is 38°, 

We then investigated the influence of the hydrogen concentration of 
the liquid in the trough on the spreading of fibrinogen. This fibrinogen was 
at first induced to spread by adding a trace of trypsin (1/1000). It appeared 
from these spreading measurements, that there is a pronounced minimum 
at the acid side of the iso-electric point (py —=4.7). See bigs 4: 

sq. M. 
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Fig. 4. 


b. The influence of prothrombase on the spreading of fibrinogen. 


We succeeded in preparing a very active prothrombase-preparation. 
When converted into thrombase 0.01 mg. prothrombase clotted 1 cc. of a 
fibrinogen solution (5 mg./m.1.) within half a minute at 38°. 

Fig. 5 shows the influence of the hydrogen concentration on the 
spreading of this prothrombase. On the acid side of the iso-electric point 
(p= 4.8) the spreading of prothrombase is less diminished, whereas on 
the alkaline side of the iso-electric point, there is a minimum. 

It appeared, that a similar p,, area curve was shown by euglobulin'), 
prepared in our laboratory from bloodserum and it is interesting to mention, 
that the prothrombase is described in the literature as having a euglobulin 


character. : 
Now the curves in fig. 6 show the results of measurements of spreading, 


1) Not yet published. 
| Tia 
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when two different concentrations of prothrombase are added to fibrinogen 
after various periods of time at the same temperature. 
sq.M. 
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So it is possible to induce a fibrinogen solution to spread by adding a 
small amount of prothrombase. 


Preparation of fibrinogen according to MELLANBY '). 


200 cc. plasma, obtained from horse blood (0.2 % kaliumoxalate) were 
diluted to 2 L. with distilled water. By adding 6 cc. n. acetic-acid the p,, 
of the solution was reduced to 6.8. 

After standing some hours at roomtemperature the clear solution was 
poured from the precipitate. This precipitate was then washed several times 
with distilled water, whereafter it was dissolved in 100 cc. of a physiological 
salt solution. 

To this solution were added dropwise and with stirring 43 cc. of a 
saturated (NH4)oSO, solution. The precipitate was collected by centri- 
fuging and washed two times with a 1/3 saturated (NH4) SO, solution, 
again centrifuged and dissolved in 200 cc. of a physiological salt solution. 

The fibrinogen was reprecipitated from this solution by adding 80 cc. 
of a saturated (NH4)2SO,4 solution, centrifuged, washed with a 1/3 
saturated (NH4).SO,4 solution and dissolved in a physiological salt 
solution in the manner described above. 


1) J. MELLANBY, J. of Physiol. 38, 24 (1909). 
See also C. OPPENHEIMER, Die Fermente 3, 1425 (1929). 
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We were able only a few times to repeat this manipulation three times 
without too much loss of fibrinogen and so that the fibrinogen formed a 
clear solution after the last recrystallization. 

The solution was then dialyzed in the ice-box against a physiological 
salt solution. The concentration of the pure solution was determined by 
means of micro-Kjeldahl determinations. 


Preparation of prothrombase. 


The prothrombase was prepared from the plasma of cow blood 
(containing 0.2 % K-oxalate) as described by J. MELLANBy 1). 

200 cc. plasma were diluted ten times with distilled water and the 
precipitation of prothrombase was obtained by the addition of 1 % acetic~- 
acid, until the reaction was approximately p,,—5.3. 

After standing some hours the fluid was poured from the precipitate 
and the diluted suspension of globulins was centrifuged. The precipitate 
was then suspended in 100 cc of distilled water. This solution was treated 
with 100 cc. of a diluted calciumbicarbonate solution, which was prepared 
by diluting ten times a saturated solution of calciumoxyd at room-~ 
temperature, whereafter the p,, was reduced to 7 by blowing carefully 
COg into the solution. 

This calciumbicarbonate solution and the proteinsuspension were mixed 
with gentle shaking for 10 minutes. Then the solution was centrifuged 
immediately. 

The prothrombase was precipitated from the waterclear solution by 
adding dropwise 1 % acetic-acid until the reaction of the solution was 
about at p,,—=5. 

The prothrombase was centrifuged very rapidly and this precipitate was 
dried at once by means of acetone. For our experiments the stable 
prothrombase in a dry state was dissolved in a 1 % NaHCOs solution. 


Discussion. 


It is rather difficult to give a biological interpretation concerning the 
above mentioned investigations. These spreading experiments show, that 
fibrinogen is broken down somewhat under the influence of prothrombase 
and trypsin and they indicate, that fibrinogen is made more suitable 
especially under the influence of prothrombase of being converted into 
fibrin. 

Summary. 


Spreading of well-purified fibrinogen is very difficult to obtain, whereas 
trypsin and prothrombase are both spreading-promoting substances. The 
conditions, governing this phenomenon have been studied. 


1) Proc. Roy. Soc. Serie B., 107, 271 (1930). 


Chemistry. On Dissymmetrical Synthesis in the Case of Complex 
Metallic Salts. 111), By I. Lirscuitz. (Communicated by Prof. 
F, M. JAEGER). 


(Communicated at the meeting of November 28, 1936). 


§ 1. The complex cobaltic salts with amino-acids (e.g. glycocollic 
acid) are proved to exist in two geometrically isomeric forms, commonly 
denoted as a- (violet) and f- (red) forms. The difference of configuration 
of these salts is illustrated by the figures 1. 


Rignlt 


On using an optically-active amino-acid, a special kind of partially- 
dissymmetrical synthesis may occur, and with d-alanine, for instance, four 
isomeric salts may be obtained: a~D-[Co(d-alan) 3], a-L~[Co(d-alan) s], 
b-D-[Co(d-alan);], and B-L-[Co(d-alan)3]. With Lalanine a cor- 
responding series of isomerides will be obtainable. Moreover, eight 
partially- and two totally-racemic complexes should exist. So far the full 
number of possible isomerides has, by direct preparation, never been 
obtained. Even in the case of the [lavo-dinitro-ethylenediamine-propylene- 
diamine-cobaltic complexes, A. WERNER?) succeeded in getting all eighteen 
forms theoretically postulated only by resolving and mixing of different 
optically active products. This fact must by no means be ascribed to a 
special unstability of most or even of some of the isomerides mentioned, 
but is rather a consequence of the particular laws manifested in the kind 
of partially-dissymmetrical synthesis, which occurs in a case like the present 
one. 


In the first instance it should be remembered that the introduction of an 


1) Conf. Proceedings of the Royal Acad. Amsterdam, 27, Nos 9 and 10. 
2) Helv. Acta Chim. 1, 5 (1918) 


. 
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optically active molecule into a complex salt does not necessarily imply 
the complete optical activation of this complex itself. It has been shown 
by WERNER that the preparation of cis-dinitro-ethylene-diamine-propylene- 
diamine-cobaltic salts from inactive cobaltic salts and optically-~active 
propylene-diamine leads, for instance, to partially-racemic salts of the type: 
rac-[Co-(NOgz) »-(en) (d-orl-pn)]X1); the latter could afterwards be 
resolved into its antipodes. On the other hand, [Co(d-orl-pn)3] X3-salts 
are always obtained in a totally-active state, when prepared from optically 
active diamines. Moreover, in general there seems to exist a fundamental 
difference between the dissymmetrical synthesis in the case of such 
complex metallic salts and that occurring in the case of organic compounds, 
as they have been investigated by MarckwaLD, Mc KENZIE a.o. These 
investigators always start from a racemate and, using the different 
reaction-velocities during the formation of a compound of the d- and I- 
component with an optically active reactant, they are compelled to stop 
the reaction before a complete combination of the reactants has occurred. 
In the case of our metal-complexes, however, quite unresolvable substances 
like: Co(NOz)., Co(OH)s, etc. are used so as to react with the optically 
active molecules, and the reaction is, moreover, carried on as far as 
possible 2). Therefore it is perhaps advisable here to speak of a partially- 
dissymmetrical synthesis of a second kind, the particularities of which 
require a more detailed investigation. Apart from this it must be borne in 
mind that the occurrence of this kind of partially-dissymmetrical synthesis 
has mainly been inferred from measurements of the rotatory dispersion. 
A direct chemical evidence can only be given by demonstrating that with 
d-alanine, for instance, all four optically and geometrically isomeric 
complexes can really be generated by direct preparation, starting from the 
optically-active acid and from inactive cobaltous or cobaltic compounds. 
The preparation of these isomeric complexes would, of course, also be 
highly interesting from a polarimetrical point of view, for it would enable 
us exactly to state the difference in rotation and rotatory dispersion 
of geometrically isomeric compounds like: a-D-[Co(d-alan)3] and 
p-D-[Co(d-alan)3] which only differ by a slight degree of molecular 
dissymmetry. 


§ 2. Our investigations with tri-alanine-cobaltic complexes have in so 
far been successful, as really three isomeric compounds [Co(d-alan) 3] 
could be prepared, two of which belonged to the a-series. A polarimetrical 


1) pn = propylenediamine, en = ethylenediamine, glut = glutaminic acid. 

2) This is the essential and fundamental difference between the two kinds of partially- 
dissymmetrical synthesis, and not the special circumstance that in a synthesis of the 
Mc KENZIE-type the activating substance is recovered. It certainly will be possible to 
eliminate the active amine-molecules also from a completely active salt: [Co(l-pn)3]Xs by 
substituting them by inactive compounds AU and still obtaining as product an active 
complex [Co(A!)3] Xs. 


1194 


comparison of the a- and the corresponding /-compound proved tobe 
impossible as the f-compounds appeared to be insoluble. Therefore, 
tentatives were made to prepare cobaltic-complexes of amino-dicarbonic 
acids (I). The free carboxylic radicals here allow the preparation of 
metallic salts (II), and it could be expected that by a suitable choice of the 
metal Me a separation of the isomeric forms would prove to be possible. 


[Co(O, C—CHNH, (CH), COOH}, en 
[Co(O, C— CHNH, — (CH,), CO,)3] Mes . . . . (Il) 


With asparaginic acid no well crystallizing salts could be obtained 1). 
Suspicion arose that in this case the second carboxylic group is 
placed too near with respect to the amido-group and that, therefore, 
“double” complex salts?) were formed. In any case this hypothesis led 
us to the far more successful investigation of the complex salts derived 
from glutaminic acid. 


§ 3. When a mixture of glutaminic acid or sodium-monoglutaminate 
and cobaltic hydroxide is boiled, a deep violet, optically strongly absorbing 
solution is obtained, which contains two isomeric complex acids, respectively 
the sodium salts of these acids. The silver- and lead-salts of the one, —a red 
acid, — are insoluble; those of the other are violet and in contrast to the 
first readily dissolve in boiling water. In this way a separation can be 
executed. The pure silver-, or lead-salts could be reconverted into the 
highly soluble sodium-salts by means of solutions of NaCl or Na SOx. 
The rotation curves of these sodium-salts are reproduced in Figs 2 and 3 
by the curves 13). Judging by the rotatory dispersion, the colour and the 
chemical behaviour of our salts, these complexes can only be considered to 


be the a- and £-D-[Co(d-glut) ,]-compounds (III): 


c,\2N—CH—(CH)), CO,) © 1 
| coh? ye Te (| Hs. (Mel). Pe tint 


[Co (d-glut)s] [Ag Pus ao eee 


§ 4. On the other hand, if an aqueous solution containing cobaltous 
nitrate (1 mol), sodiummonoglutaminate (3 mol) and sodium hydroxide 
(2 mol) is at room-temperature oxided by an air-current, a similar, 
deep-violet solution is obtained as in the previous case. From this solution, 
however, very different silver- or lead-salts are precipitated. The two 


1) Conf. Z. £. physikal Chem. 105, 27 (1923); 114, 485 (1925). An investigation of 
H. LEY and TEMME, Ber. 59, 2712 (1926) had led to similar results. We are sorry not to 
have been aware of the unsuccessful attempts of these authors, 

Ay ihe 


3) The curves show the rotations of the sodium-salts prepared from the silver- or lead- 
salts in n NaCL resp. 7 NazSOu-solution; curve I in fig. 1 is obtained by measurements 


of solutions prepared from both Ag- and Pb-salt. 


BUSS 


lead-salts are completely insoluble in water and up till now could not be 
separated. The silver-salts precipitated still contain a violet salt, which is 
even better soluble in boiling water than the a-salt described above. After 
removing this violet salt by repeatedly boiling with water, a reddish-brown 
residue is obtained, from which aqueous pyridine extracts a dull red 
silver-dipyridine-salt (IV). Both salts again can be converted into the 
corresponding sodium-salts; the corresponding rotation-curves are repre-~ 
sented by curves II in Figs. 2 and 3. From these curves, as well as from the 
colour and the chemical behaviour, it must be concluded that these isomeric 


BS 
S 


Degrees 


& 
GS 


500 


+ 
g 
g 
Nn 
8 


+100 


1689 500 


Specific Rotations in Degrees 


Molecular Rotations in 


1126 200 


Ss 
S 
Molecular Rotations in Degrees 


Specific Rotations in Degrees 


—563 |-—100 
SES 


1126 200 1126 200 


1689 J00 


1689 '- 500 2252 


2815 500 


53578 600 


22524- 400 


J94f 700 


4504 800 


2815—- 500 


5067 


- 3378 600 peer 


6193 | 1100 


5941-700 Le 


1300 Amd 
7000 6500 6000 5500 5000 +500 7000 6500 6000 5500 5000 4500 


Fig. 2. Rotatory Dispersion of Fig. 3. Rotatory Dispersion of 


a- | Co (d-glut)3 } Naz B- Co (d-glut)s \Na3 


complex-salts have the constitution: a- and f-L-[Co(d-glut) 3] Met's. 
Thus it appears that in the case of glutaminic acid indeed all four forms 
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postulated by the theory can be isolated. Hitherto the following represen- 
tatives were obtained in an analytically pure state: 


a-series (violet) f-series (red to dull red) 
D-[Co (d-glut);] Me3, Me= Ag, Pb/2 Me = Pb/2 
L-[Co(d-glut);] Me3, Me= Ag. Me = [Ag Py] 


§ 5. Although these results are encouraging and at first sight satisfying, 
— also as a confirmation of our views founded on the experiments with 
d-alanine, — they may, however, not be considered as settling the question 
finally. In the first place other representatives of the f-series must be 
prepared, as the silver-dipyridine-salt is only obtained with much difficulty 
and small yields. Secondly the a-~ and f-complex salts of rac. glutaminic 
acid must be prepared and resolved into their antipodes for the purpose of 
obtaining the a- and $-forms of D-[Co(rac. glut) 3] and L[Co(rac. glut) 3]. 
It is clear that the curves of the rotatory dispersion of these complexes 
must be found in accordance with the curves representing half the 
difference of the rotations of our totally-active salts, — thus furnishing 
direct proof of the correctness of the views upheld in the present 
communication. Moreover, the curious photo-sensitivity of our complexes 1) 
should be investigated in detail. Finally it were of interest also to study 
the complex formation of pyro-glutaminic acid (V), into which glutaminic- 
acid may readily be converted. 


CHC 
| 

O=C! “CHECOOHT 2 Eats 
NH 


In the mean time it can be remarked that the optical data here obtained 
are in agreement with the probable views brought to the fore in this 
communication, It will be seen from the Figs. 2 and 3, that optically 
corresponding, geometrically isomeric compounds show qualitatively 
analogous, but quantitatively strongly different rotational powers. The 
relative slight difference in molecular symmetry of such compounds thus 
appears to be accompanied by very considerable, chiefly quantitative 
differences of rotation. Investigations with other complex salts of this 


kind led us to similar results, which will be discussed in subsequent papers 
on the subject. 


§ 6. Preparative and Analytical Remarks. Pure samples of D-[Co- 
(d-glut)3]~complexes are most easily obtained; the preparation of the 
levogyratory compounds presents much greater difficulties. As a control 


1) The colour of a solution of the sodium-salt of cobaltic triglutaminate, for instance, 
is reduced to a weak reddish violet, when irradiated with ultraviolet light. At the same 
time the optical activity is strongly changed, but still remains very considerable, being 
negative in the red, and positive in the blue part of the visible spectrum. 
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of the purity only the estimation can be used of Ag or Pb respectively, as 
Co and N» are present in too small quantities (5—7 %). 

The silver-salts, — especially when not perfectly dry, — are sensitive 
to the action of light and atmospherical oxygen; dry samples can be 
preserved for months and even longer. 

Preparation of the D-Co-salts. The success of the preparation of these 
salts depends chiefly upon the quality of the cobaltic hydroxide used. 
The best results were obtained by proceeding in the following way: the 
hydroxide is precipitated from a diluted, tepid solution of cobaltous nitrate 
by a sodiumhydroxide-solution, to which not too much hydrogen-peroxide 
is added. After standing for a short time the brown hydroxide is sucked-off 
on a BUCHNER-funnel, washed with some tepid water and rinsed into a 
spacious porcelain vessel containing the required quantity of glutaminic 
acid or sodium-monoglutaminate1) suspended in water. The mixture is, 
under stirring, during an hour heated to gently boiling; soon it becomes 
violet. Finally it is concentrated, rinsed into a Jena-flask of 500 cc. and 
boiled at a reflux-cooler during 6—7 hours. The black-violet solution is 
filtered off from the remaining oxide, the residue washed with warm 
water and the solution concentrated on the water-bath to half its original 
volume; then it is filtered again. After further concentration to a rather 
small volume (c. 150 cc. when starting from 40 grammes of acid) the 
solution is left standing at room-temperature for 18 hours; often a small 
quantity of a bright red precipitate appears to have been deposited, which 
is a molecular compound of the unchanged acid with some cobaltous 
glutaminate, in which the acid prevails. As soon as on repeated 
concentration and after standing, no precipitate is formed any longer, the 
solution is diluted to about 400 cc., made feebly acid by adding, if 
necessary, some diluted acetic acid, heated at 30—40° C. and precipitated 
by adding, under vigorous stirring, the theoretically required amount of 
AgNO; or Pb(NO3)2 in concentrated solution. The heavy, red-violet 
precipitates are filtered off on a BUCHNER-funnel, washed with some cold 
water and dried in vacuo in the presence of solid KOH and P4O 4p. 

1. AgNO+z-precipitate. Quantities of 15—20 g. of the dried precipitate 
are boiled four or five times with about 200 cc. of water which is very 
feebly acidified with CH,;COOH; in this way the violet silver-salt is 
extracted. When left at room-temperature, the two first extracts yield 
pure fractions of the violet salt; the mother-liquors and the subsequent 
extracts only yield impure products. On analysis, they gave: 1) 2.295 % 
HO, 39.85 % Ag (dry salt), 2) 8.24 % HzO; 36.44 %, 36.36 % Ag, 6.52 %, 
6.24 % Co, Calculated for Ag;[Co(d-glut)3;] + 4 HO : 8.09 % HO; 
36.38 % Ag, 6.63 % Co and for the anhydrous salt: 39.58 % Ag. 

The salt forms a violet crystalline powder consisting of small needles; 

1) Both preparations were in a sufficiently pure state furnished to us by Dr. FRAENKEL 
and Dr. LANDAU, Berlin—Oberschéneweide. 
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it is appreciably soluble in boiling water, very sparely soluble in cold water. 
By boiling with water and heating for a long time it is decomposed; 
moreover, it is sensitive to diffuse daylight, especially when the substance 
is not perfectly dry. 

The reddish-brown residue, which remains after the extraction of this 
violet silver-salt, contains, besides some decomposition-products, the bright- 
red isomeric salt. This can be shown by heating it with aqueous pyridine, 
by which the dull-red (AgPy.)-salt gets extracted. On the other hand, 
the residue can be treated with an aqueous solution of potassium bromide; 
on filtering off the red solution thus obtained, the read lead-salt described 
further on is precipitated by addition of lead nitrate. 

In a quite analogous way the precipitate, obtained as lead-salt, can be 
treated. The violet lead-salt is extracted by repeatedly boiling with water 
and purified by recrystallization. The insoluble red isomeride finally remains 
in a strongly hydrated, pure state and is carefully dried till its weight 
remains constant. Analysis of the violet salt yielded: 38.31 % and 
38.17 % Pb; for the red salt: 38.42 %; 38.47 %; 38.62 % Pb. Calculated: 
38.62 % Pb. Moreover, the sum of the lead- and cobaltous sulphates in 
subsequent analyses was also found in agreement with the theory. It can 
be stated that in general too high lead-values point to impure salts; 
somewhat too low values are often found, because the salts rather 
obstinately retain small quantities of water. 

Preparation of the L-Co-salts. A filtered solution, which in about 500 cc. 
contains 22.59 Co(NOs)o, 6 H.O, 40 g. sodium-monoglutaminate and 
150 cc. of normal sodium-hydroxide is oxidized during 46 hours by a 
suitable regulated air-current; the dull-red solution gets deeply violet and 
in thicker layers even black. The solution is concentrated on the water-bath 
after addition of some hydrogen peroxide and filtered off from small 
guantities of impurities. To the warm, vigorously stirred solution the 
required quantity of aqueous AgNOs resp. Pb(NOz) is added; the 
precipitates formed are dried in the way mentioned above. 

By boiling the Ag-precipitate with water, the violet  silver-salt is 
extracted as previously described; the first and second extracts yield the 
pure products, but from the subsequent extracts and motherliquors only 
impure, brownish-red products are deposited. It may be remarked that 
the impure samples of the violet salt cannot be purified by repeated 
crystallizations from water, owing to the fact that the salt is decomposed 
on prolonged boiling and standing with water. On analysis: 4,24; 
4.29 % H,O; 38.03; 38.02; 38.21 % Ag was found. Calculated for 
Ag;[Co-(d-glut),] + 2 H,O0:4.22 % THsO; 37 93 Cag. 

The salt is more soluble in boiling water than the D-Co-salt just 
described. In the course of some other preparations, this salt was also 
obtained with 3 mol H.O. Analysis yielded: 6.08; 5.90 % HO; 37.03; 
37.18 % Ag; 6.29% Co (from oxide). Calculated for Ags [Co(d-glut) 5] 
eS tisO).6:196 9 HO, 37.1207, Ag, 6.76 % Co. 
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The residue left after thoroughly extracting the violet salt, is reddish- 
brown to black. When treated with a warm aqueous solution of pyridine, 
a dull-red solution is obtained, which is filtered off from silver oxide and 
other insoluble substances and fractionated in vacuo, in the presence of 
potassium hydroxide and of P4yO,9. The most soluble fraction is the pure 
[AgPy, |-salt of the isomeric B-L-[Co(d-glut).]complex. The less soluble 
fractions always contain too much silver (about 30 % Ag). Analysis 
yielded: 25.43 and 24.88 % Ag; 4.86 % Co (from oxide); calculated for 
(AgPy2) 3[Co(d-glut) 3]: 25.06 % Ag, 4.56 % Co. 

When heated, the salt loses pyridine at about 100° C. and becomes 
black; at this temperature only about 3 mol of pyridine are set free. It 
is impossible to dry the substance at any higher temperature. The lead- 
precipitate is violet and is insoluble even in boiling water. It can easily 
be obtained in a pure state by removing its impurities by boiling with 
water. After drying at 105° C., for instance, analysis yielded: 38.83 % Pb; 
calculated 38.62 % Pb: Perhaps the lead-salts might be obtained separately 
from the corresponding silver-salts if the latter could in a sufficiently pure 
state be prepared in greater quantities. 

It must finally be remarked that, in preparing solutions of the sodium- 
salts from the described silver- and lead-salts, a careful control is necessary 
whether the interaction has been completed, — especially in the case of 
the insoluble lead-salt. Although the solutions necessary for the polari- 
metrical measurements, because of their absorption, have to be very dilute, 
the general form of the curves can notwithstanding this very satisfactorily 
be reproduced, so that the deviations of the rotatory values for any 
wavelength do not surpass a few percentages. 


Groningen, Laboratory of Inorganic and 
Physical Chemistry of the University. 


Geology. — The Granites of the Malayan Tin-Belt compared with 
Tin-Granites from Other Regions. By J. WESTERVELD. (Communi- 
cated by Prof. H. A. BROUWER.) 


(Communicated at the meeting of November 28, 1936). 


In a previous paper!) a petrographic description has been given of the 
porphyritic biotite-granite from N. Banka (Djeboes). The following lines 
will serve to show the great petrographic uniformity of stanniferous and 
related granitic rocks of the Inner Malayan Arc (the Malayan Peninsula, 
the Dutch Tin Islands, etc.). A comparison with tin-granites from other 


1) J. WESTERVELD, On the Geology of North Banka (Djeboes). These Proc. 39, 
1122—1132 (1936). 
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parts of the world (Cornwall, Saxony, Pitkaranta in Finland, Bolivia, 
Bushveld in the Transvaal), both petrographically and chemically, tends 
to make clear the limited range of composition of parent-magmas connected 
with cassiterite-deposits. 

The association of cassiterite with acid granitic rocks is a long-known 
fact and has been emphasized by many authors. FERGUSON and BATEMAN 2) 
mentioned the occurrence of acid intrusive rocks as parent-magmas of 
tin-ores for 40 out of 41 cases considered by them. The only exception 
would be the Satsuma-province in Japan, where the ore is reported to 
occur with dikes of augite-andesite in mesozoic (or tertiary) sandstones. 
This supposition has afterwards proved to be erroneous; the Suzuyama- 
veins in Satsuma on closer examination appeared to be connected 
genetically with a granite-porphyry’). For the copper-tin veins in the 
Akénobé District (Prov. Tajima) a relation with rocks of intermediate 
composition (diorites) has still been maintained by Kato#4), although 
this author does not deny a genetic relation of at least part of the veins 
with a local small boss of quartz-monzonite-pegmatite (akenobeite). The 
diorites, which are intrusive into palaeozoic and mesozoic slates and older 
than the veins, are sometimes strongly mylonitized, whereas the smaller 
intrusives near the tin-veins are only slightly dynamometamorphic. The 
intrusion of the dioritic magma and the Cu-Sn-mineralization therefore 
seem to be separated by some diastrophism, in which time the deeper 
magma underwent further differentiation, accompanied by concentration 
of volatiles. It is reasonable to suppose that in this case also all vein-stuff 
was derived from one source, i.c. a still buried acid magma, of which the 
akenobeite represents an offshoot and the diorite an earlier and less acid 
differentiate. 

The last chapter to this paper gives a number of chemical analyses of 
granitic rocks connected with tin-deposits. Most of them are of rather 
recent date and care has been taken to discard untrustworthy figures, 
hitherto cited in some publications. 

PETROGRAPHY OF GRANITES FROM THE DUTCH TIN-ISLANDS AND. THE 
MALAYAN PENINSULA. Banka. For a description of the granite of N. Banka 
the reader is referred to a previous paper !). Granites from other parts of 
the island according to VERBEEK5) are nearly all “‘granitites” or biotite- 
granites, in which amphibole is a less common mineral. In the smaller 


?) H. G. FERGUSON and A. M. BATEMAN, Geologic Features of Tin Deposits. Econ. 
Geol. 7, 209—262 (1912). 

3) ‘TAKEO KaTo, A microscopic study of the tin veins of the Suzuyama mine. Province 
of Satsuma, Japan. Journ. Geol. Soc, Tédky6, 23, 145—164 (1916). Cited from *), foot-note 
on p. 3/. 

*) Idem, A study of the Copper-Tin Veins of the Akénobé District in the province 
of Tajima, Japan. Journ. of the College of Science, Tokyo Imperial Univ. 43, art. a 
(1919—1921). 


5) R. D. M. VERBEEK, Geologische Beschrijving van Banka en Billiton. Jaarboek v. h. 
Mijnwezen in N.O.L., p. 98—109 (1897). : 
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intrusive bodies of southern Banka (Toboali district) the latter mineral 
seems to be of more regular occurrence. 

Billiton. The larger granite of Tandjoengpandan is a porphyritic 
biotite-granite of the Banka type. It contains orthoclase, perthite, acid 
plagioclase (between andesine and albite), fluor-bearing biotite and quartz. 
The smaller granite-bosses from the eastern part of the island in some 
cases are reported to consist of amphibole-granite, e.g. the Boeroeng- 
Mandi granite. A coarsely porphyritic structure is described from the 
Batoe-Besi biotite-granite 5 6 7). The amphibole-granites are probably 
earlier marginal facies of the acid magma, of which the more leucocratic 
final differentiates are found in the core of the masses. 

Singkep. The granite of this smallest of productive Malayan tin-islands 
is very similar to the granites of Banka and Billiton. It is a grayish-white, 
medium or coarse-grained and often porphyritic rock with phenocrysts of 
feldspar. The minerals are quartz (often with undulous extinction and 
with inclusions of gas and fluids), orthoclase (as Karlsbad-twins and 
often perthitic or as micrographic intergrowths), microcline (in smaller 
pieces with irregular boundaries), plagioclase (larger, sometimes idiomorphic 
crystals with zonal arrangement of rims with different extinction-angles 
and albite-twinning), biotite (strongly pleochroitic, with inclusions of 
zircon and apatite), muscovite (subordinate), and accessory blue 
tourmaline, sphene, fluorspar (in feldspar) 8). 

The islands of the Riouw Archipelago outside Singkep (Koendoer, 
Karimon, Lingga, Bintan, Batam). Granitic rocks from these islands are 
all more or less stanniferous 2). Koendoer and Karimon have biotite- or 
biotite-muscovite-granites of medium or coarse grain, only occasionally 
fine-grained and sometimes porphyritic. They consist of mica and some- 
times hornblende, orthoclase, microcline, orthoclase- and microline- 
microperthite, subordinate oligoclase-albite, and quartz. Micrographic 
intergrowths of quartz and orthoclase are abundant. Tourmaline has also 
been detected. The intrusive granite from S.W.-Lingga is accompanied 
by micropegmatites and granite-porphyries with a micrographic matrix. 
The rock from Pasir Pandjang on this island is an aplitic granite 
containing quartz (main constituent), oligoclase-albite (with inclosed 
biotite), microcline, amphibole, biotite, some zircon and apatite (inclosed 
in biotite). The island Bintan has biotite-granites, locally accompanied by 


6) CH. TH. GROOTHOFF, Eenige merkwaardige gesteenten van Billiton, Verh. v/h 
Geol. Mijnbouwk. Genootsch. voor Nederl. en Kolon.; Geol. Serie, 3, 90—92 (1916). 

7) Cu. TH. GROOTHOFF, De greisenvorming in het Batoe-Besie graniet-massief 
(Billiton). Verh. v/h Geol. Mijnb. Genootsch, voor Nederl. en Kol.; Geol. Serie, 1, 
319—336 (1912—1915). 

8) Cu. H. J. WILHELM, De Tinertsafzettingen van het Eiland Singkep en de Genese 
der Alluviale Afzettingen. Diss. Delft, p. 15—16 (1928). 

9) Summary descriptions by GISOLF in: A. Cur. D. BOTHE, Geologische verkenningen 
in den Riouw-Lingga Archipel, etc. Jaarb. vilh Mijnwezen in N.O.I. 54, Verh. U, 


p. 101—152 (1925). 
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quartz-amphibole-diorite (east-side of G. Bintan Besar), and quartz- 
porphyries (G. Bintan Ketjil). The dioritic rock probably represents a 
marginal facies. Granitic rocks from N.E.-Batam are biotite-quartz- 
porphyries with phenocrysts of orthoclase, biotite and quartz in a matrix 
of feldspar and quartz (acc. magnetite and apatite). Blocks of a somewhat 
earlier granite have been found inclosed by the quartz-porphyry. 

The Malayan Peninsula. The granites of the Malayan Peninsula, 
which belong to the same post-triassic and probably late mesozoic intrusive 
period as the stanniferous granites of the Dutch tin-islands, do not differ 
petrographically from the latter. The commonest kind of granite is a 
grey porphyritic rock with large crystals of orthoclase, often reaching 
about 4 cm. in length and generally twinned. The other minerals are 
quartz, microcline, soda-plagioclase, biotite, muscovite, hornblende (in 
small amounts), pyroxene (rare), and tourmaline. Accessory minerals are 
sphene (sometimes abundant), zircon, apatite, anatase, topaz, fluorspar, 
cassiterite (sometimes a trace of this mineral), ilmenite, magnetite, locally 
cordierite (Kuala Selangor) and sillimanite (hills near Trolak) 1°), The 
presence of the latter two minerals may however be ascribed to the presence 
of a slate-contact. Structural varieties between Kuala Kubu and The Gap 
(Selangor) comprise coarse-grained porphyritic granite with much biotite; 
coarse-grained non-porphyritic granite; dark porphyritic granite with much 
biotite; coarse-grained non-porphyritic granite with tourmaline, biotite, 
muscovite, and fluorspar; microgranite with tourmaline-veins, biotite, 
muscovite and fluorspar, etc. 10). LACROIX 11) calls the main type of Main 
Range granite a “granite monzonitique a biotite’ with phenocrysts of 
“microcline”’ in Karlsbad-twins, homogeneous or with strings of albite. 
Fine-grained marginal facies, often tourmalinized and with cassiterite, have 
been named microgranite (LACROIX) or “masses of aplite” (SCRIVENOR 12). 
Alcaline granite, consisting essentially of orthoclase with albite-strings, 
quartz, and some biotite and fluorspar, from Gunung Blumut (Johore), is 
considered a less frequent type (LACROIX). Monazite, an abundant mineral 
in some alluvial deposits, is suggested to be an original constituent of 
granite by the latter author, who thinks many small crystals of zircon to be 
mistaken for the Ce-phosphate 13). Veins of aplite and pegmatite occur at 
many localities along the granite-contacts and, if in a weathered state, 
may be a source of tin-ore 14). Aplite-veins bordered by pegmatite-pockets, 


10) J. B. SCRIVENOR, The Geology of Malaya, p. 23—33 (1931). 
1) A. LAcROIX, Contribution a la connaissance de la composition chimique et 


minéralogique des roches éruptives de l'Indochine. Bull. du Service Géol. de I'Indochine, 
20, Fasc 3, 154—155 (1933). 


12) J. B. SCRIVENOR, lc, p. 31 (1931), 

18) Compare the occurrence of monazite as inclusions in biotite in granitic rocks from 
P, Berhala in the Strait of Malacca, described by J. H. DRUIF (These Proc. 38, 643 (1935), 

14) For descriptions of stanniferous deposits on the Peninsula the reader is referred 
to: J. B. SCRIVENOR, The Geology of Malayan Ore-Deposits (1928). 
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observed by the writer in N. Banka 1), have also been noticed in Malaya15). 

Hornblende-granites, with some syenitic and dioritic varieties, are 
principally found in the eastern ranges in Trengganu, Pahang and Johore. 
Their distrubution with regard to the biotite-granites (compare the 1930 
Geological Map of Malaya by ScRIVENOR) seems to indicate that they 
occur as cap-rocks and marginal facies of the more acid differentiates. The 
hornblende-granites and intermediate rocks have been considered by 
SCRIVENOR 16) as “‘the result of imperfect mixing of the constituent minerals 
that crystallized from the magma, one rock passing gradually into another.” 
In the writer's opinion it seems much more probable that the hornblende- 
varieties are the first products of congealing against the upper- and side- 
contacts of the intrusions, whereas the biotite-granites are the result of 
continued differentiation. Vestiges of this phenomenon have been observed 
in the granite of N. Banka, where hornblende-granite and mica-diorite are 
inclosed as xenoliths in biotite-granite1). The interesting rocks of Pulau 
Ubin in the Strait of Johore N.E. of Singapore evidently illustrate the 
same course of events. According to SCRIVENOR 17) hornblende-granite on 
P. Sekudu near the eastern extremity of P. Ubin contains dark inclusions, 
while the hornblende-granite itself is again cut by fine-grained acid granite 
at Tg. Jawa not far from the former locality. N. of Tg. Jawa (near 
Tg. Balai) the same acid granite can be observed intruding a dark 
fine-grained rock, called “lamprophyre” (enstatite-spessartite) and 
according to LACROIX18) consisting of green hornblende, bronzite and 
biotite, the latter mineral moulding together plagioclase-crystals. On the 
north-side of P. Ubin and near Changi on Singapore are other examples 
of a dark intrusive cut by later hornblende-granite. The sequence of 
intrusion evidently is: ‘“lamprophyre’’ — hornblende-granite > acid granite. 
Chemical analyses of biotite-hornblende-granite and dark inclusions from 
P. Ubin, amongst which a “lamprophyre” from Tg. Jawa19), reveal the 
consanguinity of the rock-types by the analogy of normative feldspar- 
proportions. 

The greater abundance of less acid granites in the eastern ranges of 
Malaya may be explained by a less advanced stage of differentiation at 
the beginning of crystallization, which possibly is also the reason why the 
Eastern Belt is less important as a tin-producer than the Western. 

TIN-GRANITES FROM OTHER PARTS OF THE WORLD. The Cornish granites 
are very similar in their structural and petrographical habit to the granites 
of the Malayan Tin-Belt. The Land’s End granite, which may be regarded 
as the type-rock, is a coarsely porphyritic biotite-muscovite-granite with 
phenocrysts of orthoclase in Karlsbad-twins. The mineral is perthitic and 

15) A. LACROIX, l.c., p. 158. J. B. SCRIVENOR, Vem p, oa (1931): 

16) J, B. SCRIVENOR, lc., p. 24 (1931). 

47) J. B. SCRIVENOR, lc., p. 39—48' (1931). 


is) A. LACROIX, Le., p, 155—156. 
19) A, LACROIX, Lc., p. 157, analyses nos. 150—152. 


Proceedings Royal Acad. Amsterdam, Vol. XXXIX, 1936. 78 
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partly shows inclusions of albite-oligoclase, biotite, zircon, apatite and 
quartz. Quartz occurs as coarse grains and in the matrix orthoclase is more 
abundant than oligoclase, which often has a zonal arrangement of rims 
with different extinction-angles. Microcline is rare and small flakes of 
muscovite sometimes inclose small zircons, surrounded by pleochroitic halos 
(altered biotite!). The dark mica is Li-bearing (lithionite) and alters into 
chlorite and rutile (Ti-content!). Some tourmaline may be primary. Coarse 
crystals of pinite (and andalusite) are due to the contaminating effect of 
the neighbouring slate-contact. Pockets of pegmatite with large perthite- 
crystals, muscovite, quartz, tourmaline, fluorspar and gilbertite, rarely topaz 
(Newquay), cut the granite and the slates near the contacts 20), 

The Saxonian tin-granites of Altenberg-Schellerhau, Geyer and the 
Eibenstock 21) are evenly coarse-grained, sometimes porphyritic, and 
consist of quartz, orthoclase (partly perthitic), some microcline, oligoclase- 
albite, biotite, Li-Fe-mica (lithionite, characteristic mineral), and some 
accessory tourmaline, zircon, apatite, topaz, sericite, fluorspar, magnetite, 
hematite. The feldspar contains traces of Zn and Ba (Wilzschhaus), and 
the Fe-Li-mica traces of Sn, Bi, Cu, Co and U. It may be recalled to the 
mind that WINKLER22) showed the presence of chemically combined Sn 
in mica~ and feldspar + quartz-concentrates from granites of Banka and 
Billiton (between 0.0071 % and 0.0173 % SnOz). 

The parent-rock of the Pitkaranta tin-deposits in Finland is the 
Rapakivi-granite near Lake Ladoga, which essentially consists of orthoclase, 
biotite and quartz (often in micrographic intergrowths with the potash- 
feldspar), with only very local development of the typical rapakivi-structure 
(orthoclase-crystals surrounded by covers of plagioclase). The rock is 
partly a quartz-porphyry, partly a granite-porphyry 23). 

The Bolivian tin-deposits are principally allied with bosses of quartz- 
porphyry (Oruro, Uncia, Colquechaca, Potosi, etc.), for a minor part also 
with granodioritic granites (N.W. section of the tin-belt N. and E. of 
La Paz). The “granodiorites” of Bolivia according to AHLFELD 24) are 
medium- and coarse-grained rocks with local pronouncedly porphyritic 
structure (size of orthoclase-crystals up to 3 cm.), and consisting of 
orthoclase, plagioclase (with zonal structure), occasional microcline, quartz 


20) CLEMENT REID and J. S. FLETT, The Geology of the Land’s End District. Expl. 
of sheets 351 and 358, Geol. Map of England and Wales, p. 40—60 (1907). 

21) Data gathered from: K. DALMER, Die westerzgebirgischen Granitmassive, Zeitschr. 
fiir prakt. Geol. 8, 297-312 (1900); E. FRITZSCHE, Beitrag zur petrochemischen Kenntnis 
der erzgebirgischen Granitmassive. Neues Jahrb. fiir Miner., Geol. und Paldont. 58, 
Beil. — Bd. A, p. 253—301 (1928). 

22) +R. D. M. VERBEEK, Lc., p. 117—129. 

23) O. TRUSTEDT, Die Erzlagerstatten von Pitkdranta am Ladoga-See. Bull. de la 
Comm. Géol. de Finlande, No. 19, p. 93—97 (1907). 

24) FR. AHLFELD, Die Erzlagerstatten in der tertidren Magmaprovinz der bolivia- 


nischen Zentralanden. Neues Jahrb. fir Min., Geol. und Palaont. 65, Beil. — Bd. A, 
p. 298—319 (1932). 
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(inclosing zircon, apatite), biotite (inclosing zircon and altering into 
muscovite, chlorite and rutile), and often hornblende. Dikes of aplite and 
pegmatite occur in the border-zones of the batholiths (Sorata-batholith). 
The latter consist of quartz, plagioclase, orthoclase, microcline, Li-bearing 
muscovite, often pyrrhotite and occasionally cassiterite. The porphyries, 
often badly altered by chloritization, sericitization, silicification and tour- 
malinization, are mineralogically very similar to the granites. They show 
phenocrysts of quartz, orthoclase, plagioclase and biotite, acid plagioclase 
being the predominating feldspar. The orthoclase is sanidine in Karlsbad- 
twins. Hornblende is less conspicious; zircon and apatite are accessory. 
AHLFELD’s supposition that the porphyries are ore-bringers does not seem 
to be justified. The veins cut the porphyry-chimneys and very probably 
derive their metals from some buried and presumably more acid hypabyssal 
magma-chamber below, of which the porphyries are merely earlier 
offshoots. 

The Red Granite of the Bushveld (Transvaal), parent-magma of the 
Potgietersrust, Olifants river, and Elands river cassiterite-deposits, is a 
coarsely cristalline rock of very uniform appearance over large areas, and 
consisting, in the order of quantitative importance, of microperthitic 
soda-rich orthoclase, oligoclase-albite, quartz, hornblende, biotite, magnetite, 
apatite, zircon. Micrographic intergrowths of quartz-orthoclase are 
common. Porphyritic, miarolitic, fine-grained aplitic and pegmatitic 
developments of the granite are conspicious near some tin-deposits, e.g. 
the Potgietersrust tin-pipes 25). 

CHEMISTRY OF TIN-GRANITES. The very uniform petrographical and 
even structural properties of tin-granites all over the world are also clearly 
expressed by the restricted variability of chemical constituents. A number 
of analyses-bearing upon the regions hitherto referred to-have been put 
together in Table I. Table II gives molecular values and proportions of 
normative minerals, calculated according to NIGGLI’s method 26). Graphical 
representations of the values giving the relative proportions of norm. free 
guartz, SiO, in norm. feldspar and pyroxenes, and the composition of 
normative feldspar, are resp. given in figs. 1 and 2. In each fig. a boundary- 
line surrounds the field occupied by points representing type-rocks of 
batholitic intrusions connected with tin-deposits. For each country 
represented in the tables a choice has been made of available analyses. 
For the Malayan Peninsula we have a number of analyses published by 
Lacroix. Nrs 3 and 4 are representative for Malayan tin-granites, very 
probably also for the petrographically very similar Tin-Islands, of which 
unfortunately no granitic rocks have been analyzed as yet. N®%. 1 is a 


25) A. L. HALL, The Bushveld Igneous Complex of the Central Transvaal. Memoir 
No. 28, Geol. Surv. Union of S. Africa, p. 486—493, 373—377 (1932). 

26) P. NIGGLI, Gesteins- und Mineralprovinzen, I, p. 51—60 (1923); Idem, Zur Deutung 
der Eruptivgesteinsanalysen auf Grund der Molekularwerte. Schweiz. Min.-Petrogr. Mitt. 
7, 1, p. 116—133 (1927). {4 
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TABLE I: Chemical Analyses of Intrusive Rocks from various Tin-Provinces. 


7 8 9 10 | 11 | 12 | 13 | 14 | 15mm 

SiO, | 77.64| 74.16| 71.58] 71.64! 66.70| 75.63] 75.45| 71.57| 70.17| 73.53] 73.22| 74.06] 70.98] 63.99] 75.50 
Al,O;| 11.34] 13.90] 12.96] 14.09] 14.50] 13.93] 12.44] 14.65] 15.07] 13.84] 13.32] 12.62) 12.69] 15.65] 12.15% 
Fe,O3| 0.94 0.47) 0.61] 0.52] 1.07} 0.16] 1.58) 1.55] 0.88] 1.06] 0.75] 0.96) 2.99) 0.88] 0.9% 
FeO | 1.60/ 0.31] 3.12] 2.26] 1.89] 0.43} 0.44/ 1.04] 1.79] 0.63} 0.72] 1.88] 1.45] 2.31] 0 
MnO | 0.08] 0.07! 0.15} 0.09} 0.02] tr 0.02} 0.04) 0.12 0.45} — | 0.04} 0.61 
MgO| — | — | 0.35] 0.04) 2 22} 0.15} 0.15] 0.85] 1.11] 0.52] 0.09} 0.02] 1.04| 1.47| 0.375 
CaO | 0.76] 0.92) 1.78] 1.92) 0.83] 2.00} 0.52] 1.80] 1.13} 1.21] 1.41] 1.11] 2.56] 2.37] 0.86 
Na,O |] 2.84] 2.73} 3.39/ 3.83] 1.70| 3.24] 3.99] 3.85] 2.69] 3.86] 3.86] 2.44] 3.03] 3.43] 2 
K,O | 4.52] 6.48| 5.03) 4.68) 9.37| 4.27) 4.99) 3.95] 5.73] 4.04] 4.12] 5.36] 4.59] 5.52) 5 
LizO OAL tr: tr. 
H,O+]| 0.36] 0.96) 0.36) 0.31) 0.99} 0.45} 0.33] 0.69] 0.70] 0.45] 0.92] 0.65} 0.57| 1.93] 0.5% 
H,O—| 0.28) 0.37} 0.12] 0.26] 0.16] 0.30] 0.14] 0.12] 0.18} 0.15} 0.39] 0.16] 0.13] 0.15] 0.08 
BaO = tr. tr. 0.08 
r, earths 0.02 0.015 

CO; 2, il, cee ees 1.26 

TiO,| tr. | — | 0.66; 0.42| 0.24] tr. | 0.20) 0.22] 0.41} 0.06] 0.08] 0.24} 0.19] 0.44] 0.50, 
P,0;5") — | 0.11) -0:11) 0,07} 0.13] 0.18} 0.07; 0.11] 0.34] 0,99) 7:08) 0.44 0.33} 0.06 
Cr203 — 0.01 

Cl 0.06 0.10 

F 0.10 0.15} 0.04) 0.08 

S 0.01 0.04 = 

B,O3 str.tr. 

ZrO? 0.03 0.03 

SnO, = 0.09 

100.46] 100. 48/100.22/100.13] 99.88/100.67|100,32/100.44|100.68 100.38|100..04|100.09|100.22 99.98 99.92 


— 


oD SCT ae) eave bi oy Loo SS Se 


. “Mittelkérniger Granit’’, Kahleberg, near Schellerhau, Erzgebirge ( 


- “Coarse Red Granite’, Zoutpanslaagte no. 120, Pienaars River ( 


- “Quarzporphyr’’, Colquechaca, Bolivia. Analyst Frl. BENDING, 
. “Rapakivi’, Tschasonkallio, Salmi. Analyst LAURI LOKKA; given in LAuRI LOKKA, lc p. 40—41 


Origin of specimens cited in Table I. 
“Granite alcalin”, Gunong Blumut, Johore. Analyst F. RAOULT; given in A, LACROIX, le., p. 156 (No. 142), 
“Aplite” Kuala Selangor. Analyst F. RAOULT; given in A. LACROIX; Lc., p. 156 (No. 143). 
“Granite monzonitique 4 biotite’, Kuala Dipang. Analyst F, RAOULT; given in A. LACROIX, l.c., p. 156 (No. 147) | 
“Granite monzonitique a biotite’, Selangor. Analyst F. RAOULT; given in A. LACROIX, l.c., p. 156 (No. 148) 
“Granite”, Poeloe Berhala. Analyst W. VAN 'TONGEREN; given in W. VAN TONGEREN, l.c., p. 636. 
“Aplite’, Poeloe Berhala. Analyst B. MENNEGA; given in W. VAN TONGEREN, lL.c., p. 636. 
“Alkaliceicher Aplitgranit’’, mouth of Sei Banang, Karimata. Analyst P. ESENWEIN; given in P, ESENWEIN, l.c pa : 
“Rapakiwitischer Granosyenit’’ T. Senna, N. Karimata. Analyst DEN HAAN; given in P, ESENWEIN ie F. rr 
“Lamorna granite’, Lands End, Cornwall. Analyst W. POLLARD; given in CLEMENT REID and IES Fiert, led a 59 | 


“Mittelkérnig-porphyrischer Granit'’, Muldental, Erzgebirge (Saxony), Straszenbau 1925, Analyst E. FRITZSCHI | 
given in E. FRITZSCHE, lic., p. 272. 


Saxony). Analyst E. FRITZSCHE; 
By PRITZSCHE ice pees. : aa 


Bushveld, S. Africa). Anal ny; | 
given in R. A. Daty, lc., p. 717. fee), Analyst Ea 


“Granodiorit’’, from Mt. Illampu, Sorata-Batholith, Bolivia. Analyst BRENDLER; given in Fr. AHLFELD, l.c p 50 | 


given in Fr. AHLFELD, l.c., p. 316. 
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TABLE II. NIGGLI's molecular values for chemical analyses of granitic rocks cited in table I. 


No. si al fm | c alk qz k mg Ls Fs Qs k | Vsp 
1 SLO 43.69 1968" 523) | 37 +262] 0.51 | 0.00 || 0.46 | 0.02 | 0.51 | 0.51 | 0.93 
2 AIT 49eS || 5.9 | 40.8 | +184} 0.61 | 0.00 || 0.59 | 0.003} 0.41 | 0.61 | 0.93 
3 363 | 38.6 | 18.8 | 9.7 | 32.9 | +132] 0.49 | 0.14 |) 0.58 | 0.06 | 0.36 | 0.49 | 0.92 
a SOometeco lee OSG) 934.4. 131 0.45 | 0:03 | 0.60 | 0:04 | 0.35: 1 0.45 1) 0.89 
5 DIS aN esi cd p22 4 33.5 |-+ 59] 0.78 | 0.58 |} 0.71 | 0.09 | 0.20 | 0.78 | 0.95 
6 Fie Nt dole | ire 12557). 35 +209 | 0.47 | 0.32 || 0.52 | 0.01 | 0.47 | 0.47 | 0.83 
7 a5 aoc kk Sad" 42 +183] 0.45 | 0.13 |} 0.57 | 0.03 | 0.41 | 0.45 | 0.98 
8 370 | 41 7 10 32 +142} 0.40 | 0.38 |} 0.57 | 0.05 | 0.38 | 0.40 | 0.88 
9 343 | 43.3 | 19.1 | 5.9 | 31.7 | +116] 0.56 | 0.43 || 0.62 | 0.04 | 0.34 | 0.56 | 0.91 

10 LO! HE 45-5: 12 Y See ESS F170) 0,4) 10237 IO. 56) 0.027) 0.419170 4) a 0n87 
11 430 | 46 8 9 37 +182] 0.41 | 0.10 |} 0.56 | 0.02 | 0.42 | 0.41 | 0.89 

£2 43314324 |) 15.8 | 7 33.8 | +198] 0 59 | 0.01 |} 0.51 | 0.03 | 0.46 | 0.59 | 0.90 
13 335: | 357 4624 +3 28 +123) 0.50 | 0.31 |} 0.54 | 0.09 | 0.37 | 0.50 | 0.89 
Ue 284 | 41 Wf 11 BOMSH == 62 FOR 51s) O32 ||| 0272 10.060) 0222) |NO51) 0585 
15 469 | 44 13 Seon oreo 12191190256) (0.26: }1-0). 50) || 0503) 50.47.0556 | 0293 


2alk 2alk if eal —alk). 


Vsp = 


al-alk’ “°°? 2alkc 


FELDSPARS oes Be 0.8 QUARTZ 


ORTHOCLASE 
ALBITE 0 
Ba Vs Pp. 
0.8 
H:PLAG= 3‘! 
AB: AN: 3:1 ORT 


0.7 


ANDESINE % % 
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silica-rich variety of Malayan granite, which contains somewhat less 
normative albite. Nrs 2 and 5, resp, an aplite from Selangor and a granitic 
rock from P. Berhala in the Strait of Malacca (analyzed by VAN TONGE- 
REN 27), show the tendency of Malayan granites to split off differentiates 
rich in K-feldspar. The main types are however characterized by a slight 
excess of normative albite. Nrs 7 and 8, granitic rocks from the island 
Karimata (N.E. of Billiton), which belong to the same intrusive period as 
the Malayan tin-granites, are petrographically analogous 28). ESENWEIN’s 
chemical analyses of Karimata-rocks showed their differentiation-series to 
be very conformable to that of the Lausitz granite-area in Saxony (l.c., 
p. 62—81). The Lausitz-area in a wider sense also comprises the Erzgebirge 
stanniferous granites, of which two new analyses by FRITZSCHE have been 
cited in the tables (Nrs 10, 11). According to this author the Erzgebirge 
granites are of the pacific type 29). 

The best analysis of Cornish granite is perhaps that by POLLARD (N0°.9), 
given by REID and FLETT. For the Bushveld granite an analysis by 
RADLEY, published by DALy 3°), and representing the common type of Red 
Granite, has been given (N°, 12). Other available figures for granites of 
this area, gathered by HALL 31), resulted to be of insufficient accuracy for 
this purpose. For Bolivia two analyses given by AHLFELD, one of a 
granodiorite from Mt. Ilampu (N°. 13), and another of a quartz-porphyry 
(Colquechaca, N°. 14), have been chosen. The porphyry is however 
reported to be rather badly altered by hydrothermal metamorphism. The 
number of reliable analyses from this important province is very restricted. 
The rapakivi-granite near the Pitkaranta tin-deposits has recently been 
analyzed by Lauri LoKkka 32), 

Figs. 1 and 2 clearly show that Fs remains below 0.1 for all rock-types 
considered; Ls varies between + 0.5 and + 0.65 in typical tin-granites 
(Nes./3, 4,9, 10, 11, 12,13, 15)s The Bolivian guartz-porphyry and the 
“granite” from P. Berhala are much poorer in normative free quartz than 
the common types of batholitic rocks. The composition of the normative 
feldspar in the Colquechaca porphyry is however not very different from 
that in the Mt. Illampu granite, which therefore appears to be intimately 
related to the former rock. 

The average normative feldspar of tin-granites considered is neither 
pronouncedly towards the albite-side, nor towards the orthoclase-side, 


27) W. VAN TONGEREN, Chemische analyses van gesteenten van Poeloe Berhala. 
These Proc. 38, 634—638 (1935). 

28) P,. ESENWEIN, Die Eruptiv-, Sediment- und Kontaktgesteine der Karimata-Inseln. 
Wetensch. Meded. No. 24, Dienst v/d Mijnb. in N.O.L., p. 4—19 (1933). 

29) E. FRITZSCHE, l.c., p. 299—300. 

8°) R. A. DALY, Bushveld Igneous Complex of the Transvaal, Bull. Geol. Soc. of 
Amer. 39, 717 (1928). 

81) A UD SHALL wLcp375: 

82) Lauri LokKa, Neuere Chemische Analysen von Finnischen Gesteinen. Bull. de la 
Comm. Géol. de Finlande, No. 105, p. 40—41 (1934). 
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while the proportion of alkali-feldspar to total feldspar (Wsp) varies only 
between 0.87 (Erzgebirge) and 0.93 (rapakivi). The tin-granites are 
evidently more or less end-stages of differentiation of acid magmas, which 
in the proportions of main constituents do not differ essentially from non- 
stanniferous common biotite-granites. There are however indications that 
a higher content of rarer elements, which tend to be concentrated in granite- 
pegmatites, distinguish them from common granites: e.g. the unusual content 
of rare earths in Malayan granites; small quantities of Sn in dark mica, 
quartz and feldspars from Banka-granites 22); traces of Li, Sn, Bi, Cu, Co 
and U in lithionite-mica from Saxonian tin-granites 34), and of Ga, Sn and 
W in biotite from granite in the East Pool-Mine near Redruth, Corn- 
wall 83). It should be remarked in this connection that the stanniferous 
Eibenstock-granite (Saxony) is a lithionite-albite-granite, whereas the 
neighbouring and presumably somewhat older Kirchberg biotite-granite is 
non-stanniferous 34). The question of minor constituents deserves further 
consideration for tin-granites all over the world. 


33) J. CH. BROWN, Lagerstatten und erzmikroskopische Untersuchung der Zinnerz- 
gange der East Pool-Mine bei Redruth in Cornwall. Neues Jahrb. fiir Miner., Geol., und 
Paladont. 68, Beil. — Bd. A, p. 331—332 (1934). 

34) K. DALMER, l.c. 


Geologisch Instituut der Universiteit van Amsterdam. 


Histology. -— The branching of the dendrites in the cerebral cortex. By 
Prof. Dr. S. T. Box. (Communicated by Prof. M. W. WOERDEMAN). 


(Communicated at the meeting of November 28, 1936). 


The theory of the neurone pattern, published in my paper “A quantitative 
analysis of the structure of the cerebral cortex” 1), included two provisional 
conclusions about the way in which the dendrites of the cortical ganglion 
cells split up into branches: in neurones of different sizes the radius of the 
dendrite field was assumed to be proportional to the volume of the nucleus, 
and, secondly, the total length of the dendrites and its branches was 
assumed to be proportional to the square of that radius. These two pro- 
portionalities had to remain hypothetical untill the dendrites themselves 
were measured, the theory being based upon the measurements of the 
nuclei and cell bodies only and upon some peculiarities of the dendrites 


suggested by drawings made by CAJAL. 
After this theory was published, measurements of the dendrites and their 


1) Verhandelingen Koninklijke Akademie v. Wetenschappen te Amsterdam, Afdeeling 
Natuurkunde, 2e Sectie, deel XXXV, No. 2, 1936. 
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branches were executed. They confirmed both conclusions and showed 
what leads to them. 

The research was made in eight nerve cells, lying pretty close to each 
other in the 2d and 3d layer of the cerebral cortex in a section of a cat's 
brain, coloured after the Cox modification of the GOLGI method. The 
distances were measured between the point where a dendrite originates 
from the cell body and all the points where it bifurcates or ends. 


In order to measure these distances the body and the dendrites of each neurone were 
drawn with the aid of a drawing prism placed on the microscope. The linear enlargement 
of the drawings (300 X) was controled by drawing an object micrometer (glass with 
a scale, divided into intervals of 0,01 mm) under the same conditions. 

The distance between two points in the drawing divided by 300 is not the real 
distance between the corresponding points in the section, but its projection on a plane, 
perpendicular to the optic axis of the microscope. The real distance can be calculated 
if the difference in the height of the two points is known (the difference of their 
coordinates parallel to the optic axis), Therefore at each point of origin, bifurcation or 
ending of a dendrite the figure is noted, indicated on the scale of the micrometer screw 
of the microscope when this point was focussed. The figures, indicated when the lower 
and the upper surface of the section were focussed differing 45 unites and the section 
being 150 « thick, a difference of n units of two figures in the drawings means a difference 
of n X 150/445 — n X 34/3 « in the height of the corresponding points of the section. 
(The micrometer screw of the microscope used causes an elevation of the tube pro- 
portional to the angle of its turning and consequently proportional to the figures indicated 
on its scale). 

The real distance is the hypotenusa of a rightangular triangle, the other sides being 
as long as these two perpendicular coordinates, As unit of measuring a length of 34/3 % 


was chosen, corresponding with 1 mm in the drawing and with 1 unit of the scale on 
the micrometer screw. 


Fig. 1 shows these distances measured in a middle sized cell 1), In the 
graph to the right each point indicating a bifurcation or an ending is placed 


lepton alk 


in such a distance from the upper horizontal line, that the vertical scale 
gives its distance from the cell body. The lines that combine these points 


1) The main dendrite, going upwards towards the pia mater, is not discussed in 
this paper. By dendrites the local (or basal) dendrites are meant, 
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indicate the dendrite branches to which they belong. In the lower diagram 
each bifurcation is registered by a small quadrate, each dendrite ending by 
a small circle placed on a horizontal scale, giving its distance from the cell. 

The first bifurcations of each of the 5 dendrites lie at a distance from 
the pericaryon of 5, 5, 6, 6 and 6 length units of 31/3 « resp., the second 
bifurcations and one ending at distances of resp. 9, 10, 11, 11 and 12 units, 
the other endings (and one bifurcation) at 16, 19, 20, 20, 21, 21, 21, 21, 
22, 22, 23, 25 and 27 units of 31/5 wu. It is clear that they form three well 
defined groups, the first group at an average distance of 5,6 % 31/3 = 
182/, u, the second group at an average distance of 10,6 K 31/3 = 
351/, wu, and the third at an average distance of 21,4 « 31/3 = 7141/3 

If these average distances — measured as 18 2/3, 351/3 and 711/3 uw — 
were found to be 18, 36 and 72, they would exactly have shown the pro- 
portion 1 : 2: 4. From that exact proportion they differ less than 1 yw each. 
The unit of measuring used being 31/3 u, we may state that these groups 
show the proportion 1 : 2 : 4 within the unit of the measurements. 

In other words the bifurcations and endings of the dendrites of this 
neurone lie in the neighbourhood of the surfaces of spheres round the body 
each with a radius twice as large as the former. Or, formulated in yet 
another way, the 5 dendrites of this neurone first bifurcate at an equal 
distance from the cell body, their branches tend to bifurcate or end at 
points, each two times farther from the cell than the former bifurcations. 


200 4 


Bicee2: 


Not all the cells measured show this relation as clearly. In the largest 
neurones it is even impossible to distinguish groups of related distances. If 
this were due to a larger inexactitude in following up the same rule, the 
number of bifurcations and endings would not vary with the distance. That 


WA 


is to say between 20 and 40 uw from the cell about the same number of 
bifurcations and endings would be found as for instance between 80 and 
100 uw or between 120 and 140 w distance. 

Theoretically this can be easily understood by comparing the two theo- 
retical frequency curves of fig. 3. The first diagram gives the distances 
that would be found if all the bifurcations and endings followed the rule 
in an ideal degree (if they all lay precisely at the surface of the spheres 
mentioned above). In the second diagram they are drawn supposing the 
inexactitude in following this rule should be so large that the summits of 
the frequency curves were flattened out. In this second diagram the fre- 
quency appears to be the same all over the length of the scale. That it does 
not increase or decrease from the left to the right is caused by the fact, 
that if the rule indicated was exactly obeyed (first diagram), each distance 
between two groups would be twice as large as the former distance and 
that each group would contain a number twice as large as the former group 
(each bifurcation of the former group giving two branches bifurcating in 
the following group). 

If the dendrite branching obeyed another rule, another distribution of 
the frequencies of bifurcation and ending distances would be found. 

As a matter of fact the larger cells show a constant frequency, inde- 
pendent of the distance from the cell. Fig. 2 gives the distances measured 
in the largest cell; between 20 and 40 yu, between 40 and 60 uu etc. up to 
140 uw distance 1) we find 7, 5, 7, 4, 7 and 8 bifurcations or endings. 


Fig:-3. 


Some of the small circles in this diagram are dotted. The section being only 150. 
thick, the whole dendrite complex of the cell is not Present in it, some dendrite endings 
falling higher or lower than its surfaces. This is demonstrated by the fact that some 
of the drawn dendrite branches end in a surface of the section: they are cut by the 
microtome. In the graph to the right they are registered by elongating the line at the 


1) More exactly: between 19 and 39u, 39 and 59.n, etc, 


WAR) 


point of cutting by dots, in the lower diagram they are indicated by a point. In order 
to calculate the probable distances and number of the real endings, absent in the studied 
section, a sphere was imagined through each ending present in the section, the centre 
of which lay in the cell. If only 4/p part of the surface of that sphere fell inside the 
section, it is probable that in the whole surface p endings would occur, because the 
dendrite fields, seen from the pia (in a section parallel to the pia) appear to be almost 
round and equally built in the different radial directions. By this calculation a small 
number of probable ending distances are added to the distances measured and these are 
registered by dotted circles. 


In the upper part of fig. 4 all the distances measured in each of the 8 
cells are shown. In the smaller cells the general rule is demonstrated by 
groups and summits at distances proportional to 1 : 2 : 4, in the larger cells 
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by the fact that the frequency does not perceptably increase or decrease 
from the left to the right. 

The lower part of this fig. 4 shows the addition of the 8 graphs of the 
upper part. High and sharp summits are present at distances proportional 
tol:2:4. At the distance 8 the summit is not yet clearly formed. Perhaps 
this would have been the fact if still larger cells had been measured. They 
were not present in this section. 

The addition giving such sharp summits, it is evident that the different 
cells have exactly the same “basal distance’, to which the other distances 
are proportional according to the general rule 1: 2: 4: 8. Within each cell 
this rule may be obeyed with more or less exactitude, the basal unit of 
distance, to which the distances tend to have these proportions, must be 
exactly the same in these 8 cells. If that basal distance had been different 
in the different cells, the relatively vague summits, occurring in each cell, 
would have vanished in the addition of the graphs. In the studied section 
this basal unit of distance can be calculated as 17 yu (in the living cat it will 
be larger, the section being shrunk by the fixation and impregnation). 


In consequence of the type of branching discussed, the total length of the 
dendrites (with all their branches) in each neurone is proportional to the 
square of the radius of its dendrite field. 

Dendrites of larger and smaller neurones, exactly obeying the rule 
stated, would answer to a smaller or a larger part of the first scheme in 
fig. 3. It is easy to count that a dendrite (and its branches), reaching a 
sphere with a radius 1, 2, 4, 8 or 16 times the basal length, will have a 
total length of about 1, 3, 11, 43 or 171 basal lengths. These values are 
nearly proportional to the square of the radius: multiplying these total 
lengths with 1} gives the values 14, 44, 164, 644, 2564, differing from the 
squares of the radii (1, 4, 16, 64, 256) by the constant value $ only, which 
is a relatively small difference in the larger neurones. According to this 
scheme the total dendrite length practically would be proportional to the 
square of the radius of the dendrite field. 

This relation is simply due to the fact, that each time a dendrite grows 
out towards a following sphere of twice the radius, the branches added are 
twice as many and twice as long:as the former time. Each time the radius 
is doubled, the addition to the total length is four times the former addition. 
The small difference equal to 4 6? (6 = basal length) is caused by the fact, 
that the dendrite does not bifurcate during the first outgrowth from the 
cell body till the basal length is reached. 

The relation L ~ R?2, theoretically deduced for the case of the dendrite 
branching exactly following the rule stated, is found to be present in the 
measured cells. 

It would have been a too laborious task to measure exactly the total 
length of the dendrites themselves, they being smoothly curved over nearly 
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their whole extension. In stead of the length of these curved lines the 
distance is measured between each point of bifurcation and the following 
bifurcation of ending: in stead of measuring the length of each undivided 
part of a dendrite itself, the length is measured of a straight line running 
between its endpoints 1). 

With “radius of the dendrite field” the distance between the dendrite 
endings and the perikaryon is meant. The dendrite branches of each neu- 
rone not ending at equal distances from the cell body, the distances of the 
endings in each neurone were averaged and in fig. 5 the total dendrite 
length was compared with the square of this average ending distance 
(average length of the dendrites). 

In accordance with the theoretical inferencies of the rule the diagram 
demonstrates a fairly exact proportionality between the total length of the 
dendrites of a neurone and the square of its average ending distance, 

The presence of this exact proportionality in the measured values shows 
in the first place, that the rule stated above is actually obeyed by the 
dendrites. In the second place it shows that the inexactitudes in following 
this rule are of such a type, that the relation L ~ R2 is undisturbed. In the 
third place it indicates, that the number of the dendrites is constant. If the 
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Fig. 5. 


number of dendrites varied with the size of the cell, the total length of the 
dendrites would not be proportional to R?. 

Yet the number of dendrites originating from the cells is not the same in 
all the neurones of a cortex. Many of the larger cells have more dendrites 
than the smaller ones. This means that in larger cells the first part of a 
dendrite, the part between its origin and the point of its first prescripted 


1) The few parts of the longest dendrite branches cut away by the microtome were 
calculated in the same way as the dendrite endings not present in the section studied. 
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bifurcation, might be divided into two separate roots: then one more 
dendrite would originate from the cell body, but the total fibre length 
would increase for a relatively small value only (equal to one basal length). 
In accordance with this subdivision of dendrite roots in these dendrites the 
bifurcation at the basal distance is absent. 

It was assumed in my previous paper that the total length of the den- 
drites was proportional to the square of the radius of the dendrite field, 
that is with the square of the average ending distance. This proportionality 
now being confirmed without any doubt in the measurements of the den- 
drites, this assumption is proved to be correct. 

Moreover the dendrite measurements have demonstrated that this 
relation is caused by the fact, that the bifurcations and endings tend to 
occur at distances from the cell body, equal to 1, 2, 4, 8 etc. times a constant 
basal length. 


The other assumption in my previous paper, a proportionality between 
the radius of the dendrite field and the nucleus volume, was also confirmed. 

The nucleus of the nerve cell is not visible in the sections, impregnated 
after the Cox method, the cell bodies being coloured a deep black. Measure- 
ments in sections, coloured after the method of NISsL, however, have 
shown that the nucleus volume is exactly proportional to the surface of the 
cell body (see the figs. 29 and 30 and the corresponding texte l.c.). In the 
Cox preparations the surface of the cell bodies could be measured in the 
same way as in the NISSL preparations (l.c. page 46). Actually the 
measured surfaces of the 8 cells appear to be proportional to the radius of 
the dendrite fields, as is shown by fig. 6, giving the relation between these 
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The type of branching shown by these measurements causes yet another 
remarkable peculiarity. If the dendrites exactly followed the rule stated, 
the number of dendrite endings would be proportional to the length of the 
dendrites : each of the branches of a dendrite, growing out towards twice 
its length, would bifurcate once and thereby the number of its endings 
would be doubled. In the diagram of fig. 7 the number of dendrite endings 
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Figs 7. 


is compared with the average dendrite length : 7 of the 8 points lie in the 
neighbourhood of the straight line drawn, one point shows a difference of 
27 %. In the neurones studied the number of dendrite endings is practically 
proportional to the average dendrite length. 

And the average length of the dendrites being found to be proportional 
to the nucleus volume, the number of dendrite endings is proportional to 
that nucleus volume also. 


A neurone may receive its stimuli in different ways. 

One category of stimuli is received by the surface of the perikaryon, this surface 
being surrounded by numerous neurite branches, which in most parts of the nervous 
system even built footlets on it. The volume of the nucleus being exactly proportional 
to this surface, it is proportional to the number of stimuli, that may be received in this 
way (or better: the nucleus volume is exactly proportional to the capacity of the 
neurone in receiving this category of stimuli). 

A second category of stimuli will enter the neurone where the dendrites end. The 
number of these endings being proportional to the nucleus volume also, this volume 
is proportional to the number of stimuli of this second category as well. 

It is unknown, if the dendrites may receive stimuli from neurites, passing them 
sideways between their origin and their endings. If so, the dendrites through their whole 
length would be a third receiving organ of the neurone. The total dendrite length being 
proportional to the square of the nucleus volume and the density of the nerve 
fibres passing being constant, the number of stimuli, received in this third way, would 
be proportional to the square of the nucleus volume. 

The third category of stimuli, consequently, would behave in different ways to the 
stimuli of the first and second category : the third category if present, would be 
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proportional to the square of the nucleus volume, where as the first and second 
categories reaching the neurone at the surface of the cell body and at the end points 
of the dendrites both are proportional to the nucleus volume itself. 


Summarising, it could be read from the different measurements, dis- 
cussed in this and in my previous paper, that the nucleus volume is pro- 
portional to three morphological properties of its neurone, viz: the surface 
of its perikaryon, the number of its dendrite endings and the average 
distance of these endings from the perikaryon (called the radius of the 
dendrite field or the average length of the dendrites). Moreover the square 
value of this nucleus volume is proportional to three other properties : the 
volume of the perikaryon, the total length of its dendrites and the volume 
of its “territory” (l.c. page 26). The small inexactitude the values measured 
show in obeying these proportionalities, is as large as the inexactitude of 
the measurements can be reckoned to be. In my opinion the real properties 
of the cortical neurones obey these proportionalities to a high degree of 
exactitude. ; 

In the manner, in which the dendrites split up into branches, a general 
rule could be observed: the dendrites of the cortical neurones tend to 
bifurcate or end at distances from the cell body equal to 1, 2, 4, 8 etc. times 
a constant basal length (constant within one individual!). This rule is not 
obeyed with a high exactitude. On the contrary large deviations occur, 
in consequence of which the different branches of the dendrites of one 
neurone end at points, lying at very unequal distances from the cell body. 
These individual variations of the bifurcations and endings. are important 
to understand the simple scheme present in the neurone pattern of the 
cerebral cortex. They are not discussed in this paper; I confirmed myself to 
stating that they happen in such a way that two implications of the general 
rule — the total length of the dendrites being proportional to the square of 
the average ending distance and, secondly, the number of dendrite endings 
being proportional to the average ending distance itself — remain un- 
disturbed. 


Medicine. — Eine wirksame kristallinische Substanz aus der Rinde der 
Nebenniere, Corticosteron. Von T. REICHSTEIN, ERNST LAQUEUR, 
I. E. UyLpert, P. DE FREMERY und R. W. SPANHOFF 1). (Com- 
municated by Prof. B. BRouwER). 


(Communicated at the meeting of November 28, 1936). 


Der eine von uns (R) hat in friiheren Arbeiten an Hand der physiologischen 
Eichung (nach EveRsE und DE FREMERY ausgefiihrt durch SPANHOFF) 


*) (Aus dem organischen Laboratorium der Eidgenéssischen Technischen Hochschule 
Ziirich, aus dem Pharmaco-therapeutischen Laboratorium der Universitit Amsterdam und 
aus dem Research-Laboratorium der N.V. Organon Oss (Holland) ) 


. 
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die Reinigung eines Extraktes aus ca. 1000 kg Nebennieren beschrieben; 
in Fortsetzung dieser Versuche ist er zu einem kristallinischen Produkt 
gekommen, Sm. 180—182(corr.)°, Drehung [a]p = + 223° (c=1.12 in 
alc. abs.) 

Die naheren chemischen und physikalischen Eigenschaften werden spater 
mitgeteilt. 

Dieses Produkt ist in 2 noch nicht reinen Vorstufen und im reinen kris- 
tallinischen Zustande mit verschiedenen Methoden an nebennierenlosen 
Ratten und Hunden auf seine Wirksamkeit gepriift worden, hier werden 
nur die Ergebnisse mit der reinen Substanz mitgeteilt. 


1. nebennierenlose Ratten. 


a. im EVERSE-DE FREMERY Test (Wiederkehr der normalen Muskel- 
leistung bei elektrischer Reizung) 


ee 


Anzahl Ratten Dosis Negativ Positiv 
5 0.3 mg 5 0 
5 Oster 2 3 
6 Depo: 3 3 
F Ta 2 5 


b. mit einer neuen Methodik, Schwimmversuch (nach GAARENSTROOM-~- 
LAQUEUR-WATERMAN): Von 10 Ratten mit einmal 1 mg sind alle positiv. 


2. nebennierenlose Hunde. 


Die hier benutzten Tiere sind 134 bezw. mehr als 34 Jahr nebennierenlos. 
Sie erhalten neben der Nahrung 0.3 bezw. 0.4 g NaCl pro kg Kérperge- 
wicht taglich oral. Sie sind in den vorangehenden Perioden wiederholt 
leicht und auch sehr schwer insufficient gewesen; sufficient waren sie nur 
mit wirksamen Cortinpraparaten zu erhalten. Ausschliessliche, auch ge- 
steigerte Gaben von NaCl waren bei keinem der hier benutzten Tiere 
imstande auf die Dauer Insufficienz zu vermeiden. 

Wurde Kochsalz entzogen, so war etwa das 10fache der sonst gebrauch- 
ten Cortinmengen nétig, um sie sufficient zu erhalten; zum Herausholen 
aus einer schweren Insufficienz ist etwa 3—6 mal soviel wirksame Sub- 
stanz erforderlich, als bei taglich ununterbrochener Gabe die Tiere bei 
W ohlbefinden erhalten. 

Die Insufficienz ist erkennbar an Mangel an Esslust bis zur vélligen 
Nahrungsverweigerung, Erbrechen, Adynamie, Durchfalle, negativer 
Wasserbilanz; wiederholt, aber nicht regelmassig, gepaart mit verlangsamter 
Atmung, Sinken der Temperatur, Steigen des Reststickstoffes im Blut und 


1220 


Bluteindickung; iiber Verlauf des Mineralstoffwechsels sind wir noch nicht 


geniigend orientiert. 
Unter Weglassung der Priifung im einzelnen ergab sich: 


Hund 64 11 kg (0.3 g NaCl pro kg pro die) wird nach leichter Insuffi- 
cienz, hervorgerufen durch Verminderung der sonst iiblichen Dosis Cortin 
(Organon) mit 3 mg Corticosteron normal, durch Verminderung auf 
1.2 mg wieder leicht insufficient und nach Erhohung auf 3 mg wieder 
normal. Er hat in friiheren Perioden 2.5—5 cc Cortin nétig. 


Hund 89 18 kg (0.3 g NaCl pro kg pro die). Nach Aussetzen des 
Cortins wahrend 3 Tage wurde er ziemlich schwer und zunehmend insuffi- 
cient, wahrend dessen stieg der Reststickstoff von 36 mg auf 61 mg. Er 
wurde aus der Insufficienz ziemlich schnell mit 9 mg Corticosteron pro Tag 
wahrend zwei Tage herausgeholt, blieb auch bei fallender Dosis zunachst 
bei 6 mg, spater bei 3 mg und im Augenblick mit 1.2 mg normal, wobei 
der Rest-N auf 31 mg/% fiel. Der Hund hatte in fritheren Perioden meist 
5, zuweilen 2.5 cc Cortin taglich nétig. 


Hund 95 7 kg (0.4 g NaCl pro kg pro die) konnte mit Dosen von 3 und 
1.2 mg Corticosteron gut erhalten werden, wurde bei Aussetzen leicht 
insufficient, blieb aber mit 1.2 und spater mit 0.6 mg in gutem Zustande. 
In friiheren Perioden hat er 2.5—5 cc Cortin taglich nétig gehabt. 

Aus dem Vorhergehenden darf man mit Sicherheit schliessen, dass das 
kristallinische Corticosteron eine (die ??) lebenserhaltende Substanz aus 
der Nebennierenrinde darstellt. 
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